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tit
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s
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at
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ep
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at
Lak
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int
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l
stu
die
s
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con
tra
cto
rs
and
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con
tra
cto
rs.
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se
stu
die
s
wer
e
par
t
of
the
U.S
.
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k B
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Gre
at
Lak
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Pol
lut
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Use
Act
ivi
tie
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Int
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ati
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l
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sio
n.
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Tas
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sen
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Lan
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Act
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tie
s
on
Wat
er
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lit
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f
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at
Lak
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ed
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1974, preceded the Task B study.
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The study discussed in this report was carried out as part of the efforts
of the Pollution from Land Use Activities Reference Group, an organization
of the International Joint Commission, established under the Canada—U.S.
Great Lakes Water Quality Agreement of 1972. Funding was provided through
U.S. Environmental Protection Agency. Findings and conclusions are those
of the author(s) and do not necessarily reflect the Views of the Reference
Group or its recommendations to the Commission.
 
  
 INTRODUCTION AND SUMMARY
W
The Great Lakes Water Quality Agreement, with Annexes and Texts
and Terms of Reference Between the United States of America and Canada,
signed at Ottawa on April 15, 1972, included a reference to study pollu-
tion in the Great Lakes System from agricultural, forestry, and other
land use activities. The reference asked that the study assess whether
the boundary waters of the Great Lakes System were being polluted by land
drainage and if so, what remedial measures would provide improvements in
controlling pollutants from land usage. The need for better definition of
the impact of land use activities, practices and programs on water quality
in the Great Lakes area had become increasingly magnified. Through the
Agreement, both the United States and Canadian governments requested the
International Joint Commission to investigate land use activity impacts
upon the Great Lakes. Accordingly, the International Reference Group
on Great Lakes Pollution From Land Use Activities was established in
December, 1972, and produced a detailed study plan (February, 1974 and updated
with
the
deta
iled
stud
y pl
an S
uppl
emen
t—
Augu
st,
1976
) o
utli
ning
an i
nten
sive
study, scheduled for completion in 1978.
The
fina
l re
port
will
cons
ist
of s
tudy
conc
lusi
ons
and
reco
mmen
dati
ons
by PLUARG to the International Joint Commission.
Detailed Study Plan, February, 1974
The study plan emphasizes four main tasks:
Task A: To assess problems, management programs and research
and to attempt to set priorities in relation to the best information now
avai
labl
e on
the
effe
cts
of l
and
use
acti
viti
es
on w
ater
qual
ity
in b
ound
-
ary waters of the Great Lakes.
 
Tas
k B
:
Inv
ent
ory
of
lan
d u
se
and
lan
d u
se
pra
cti
ces
, w
ith
emp
has
is
on c
erta
in t
rend
s an
d pr
ojec
tion
s t
o 19
80 a
nd,
if p
ossi
ble,
to 2
020.
Tas
k C
:
Int
ens
ive
stu
die
s o
f a
sma
ll
num
ber
of
rep
res
ent
ati
ve
wat
er—
she
ds,
sel
ect
ed
and
con
duc
ted
to
per
mit
som
e e
xtr
apo
lat
ion
of
dat
a t
o t
he
ent
ire
Gre
at
Lak
es
Bas
in
and
to
rel
ate
con
tam
ina
tio
n o
f w
ate
r q
ual
ity
, w
hic
h
may
be f
ound
at r
iver
mout
hs o
n th
e Gr
eat
Lake
s,
to s
peci
fic
land
uses
and
practices.
Tas
k D
:
Dia
gno
sis
of
deg
ree
of
imp
air
men
t o
f w
ate
r q
ual
ity
in
the
Grea
t La
kes,
incl
udin
g as
sess
ment
of c
once
ntra
tion
s of
cont
amin
ants
of
concern in sediments, fish and other aquatic resources.
PURPOSE
Back
grou
nd
info
rmat
ion
on c
hara
cter
isti
c Ba
sin
prop
erti
es
such
as
land use and related materials usage, physical fabric,-climate, population
and related socio-economic data is required for developing the land use
and water quality relationships and providing a foundation for assessment
of trends in land use patterns and practices. Towards these ends the
Reference Group-felt that an inventory of land use and land use practices
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p
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j
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n
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b
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SCOPE OF STUDY
In
or
de
r
to
me
et
th
e
Ta
sk
B
ob
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iv
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e
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Physical Fabric
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,
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d
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-
economic conditions.
Major Land Uses
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e
ob
je
ct
iv
e
of
th
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se
ct
io
n
is
to
ga
th
er
in
fo
rm
at
io
n
ab
ou
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th
e
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d
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e
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Gr
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t
La
ke
s
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si
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an
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r
(M
SS
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th
e
La
nd
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Pr
og
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(f
or
me
rl
y
kn
ow
n
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th
e
Ea
rt
h
Re
so
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Te
ch
no
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gy
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Specialized Land Uses
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e
ob
je
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e
of
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e
Gr
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t
La
ke
s
Ba
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n.
Th
e
fo
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ow
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g
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ia
li
ze
d
la
nd
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es
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mp
ri
se
th
is
section.
a.
_
Di
sp
os
al
op
er
at
io
ns
,
li
qu
id
wa
st
e,
so
li
d
wa
st
e,
dr
ed
ge
sp
oi
l
an
d
artificial fills, and deepwell disposal
b. Erosion, lakeshore and riverbank
c. Intensive livestock operations
d. High-density, nonsewered residential areas
e. Recreational lands
 W
2
3
2
Th
is
ac
ti
vi
ty
pr
ov
id
es
an
in
ve
nt
or
y
of
pr
od
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wi
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in
th
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Gr
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Future Trends
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h
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The
inf
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wit
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has
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GENERAL SUMMARY
The
Tas
k
B
eff
ort
is
aim
ed
at
pro
vid
ing
an
inv
ent
ory
of
var
iou
s
cat
ego
rie
s
aff
ect
ing
lan
d
dra
ina
ge
or
pol
lut
ion
al
mat
eri
als
to
the
Gre
at
Lak
es.
In
gen
era
tin
g d
ata
nec
ess
ary
to
com
ple
te
the
inv
ent
ory
,
a v
ari
ety
of
sou
rce
s
wer
e
uti
liz
ed,
inc
lud
ing
sta
te
age
nci
es,
rec
ogn
iZe
d
exp
ert
s
in
the
fie
ld,
pub
lis
hed
rep
ort
s
and
doc
ume
nts
,
in
add
iti
on
to
inf
orm
ati
on
con
tai
ned
in
the
Tas
k
A R
epo
rts
.
Som
e b
ack
gro
und
inf
orm
ati
on
has
bee
n
com
pil
ed
as
sup
por
tin
g
dat
a
for
thi
s
inv
ent
ory
.
Thi
s
mat
eri
al
is
ava
ila
ble
for
reV
iew
at
the
Gre
at
Lak
es
Bas
in
Com
mis
sio
n
in
An
n A
rbo
r,
Mic
hig
an.
Bec
aus
e m
ost
of
the
dat
a c
oll
ect
ed
ref
lec
ts
con
dit
ion
s b
etw
een
197
0
and
197
2,
it
ma
y n
ot
ref
lec
t
exa
ctl
y
the
cur
ren
t
sit
uat
ion
.
How
eve
r,
it
see
ms
rea
son
abl
e
to
ass
ume
tha
t
no
maj
or
cha
nge
s
hav
e
occ
urr
ed
in
the
las
t
thr
ee
yea
rs
to
sig
nif
ica
ntl
y a
lte
r
the
gen
era
l
pic
tur
e
thi
s
inf
orm
ati
on
att
emp
ts
to
por
tra
y.
Ide
all
y a
con
tin
uou
s u
pda
tin
g
of
thi
s
inf
orm
ati
on
wou
ld
be
of
sig
nif
ica
nt
uti
lit
y
to
res
ear
che
rs,
pla
nne
rs
and
tho
se
inv
olv
ed
wit
h m
ana
gin
g t
he
wat
er
res
our
ces
of
the
Gre
at
Lak
es.
Fig
ure
s
l_
and
2
sho
w
the
are
a o
f
stu
dy
for
the
Gre
at
Lak
es
Bas
in
as
dev
elo
ped
in
thi
s
Volume V.
Physical Fabric
Phy
sic
al
fab
ric
inf
orm
ati
on
con
sid
ere
d i
mpo
rta
nt
to
lan
d d
rai
nag
e/w
ate
r
qua
lit
y r
ela
tio
nsh
ips
inc
lud
es
geo
log
y,
soi
ls,
min
era
ls,
cli
mat
e,
Sur
fac
e
and
grou
nd w
ater
, v
eget
atio
n an
d wi
ldli
fe,
demo
grap
hic
and
econ
omic
char
ac-
ter
ist
ics
wer
e a
lso
con
sid
ere
d a
s t
hey
rel
ate
to
the
hum
an
ada
pta
tio
n a
nd
use of this physical environment.
Gla
cia
tio
n h
as
pro
duc
ed
top
ogr
aph
ic
fea
tur
es
ran
gin
g f
rom
rol
lin
g
mora
inal
hill
s in
the
Mich
igan
port
ion,
to e
xten
sive
lake
plai
ns,
and
to maturely,dissected till-covered uplands. The limestone found in
many parts of the lake basin, and the shales Comprising the bottom materials
of the lake have had important water quality impacts. Poor soil drainage
is a problem in northern Ohio and Erie County, Pennsylvania.
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P
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e
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S
u
b
b
a
s
i
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Boun
dary
——
—~
—P
la
n
Ar
ea
 Th
e
cl
im
at
e
of
th
e
La
ke
Er
ie
b
a
s
i
n
is
ty
pi
ca
ll
y
of
th
e
h
um
i
d
—
co
nt
in
en
ta
l
ty
pe
,
wi
th
th
e
mo
de
ra
ti
ng
in
fl
ue
nc
es
of
th
e
la
ke
fe
lt
al
on
g
th
e
la
ke
sh
or
es
.
Pr
ev
ai
li
ng
wi
nd
s
ar
e
an
im
po
rt
an
t
fa
ct
or
in
th
e
er
os
io
n
of
so
ft
la
ke
sh
or
e
ma
te
ri
al
s
an
d
su
bs
eq
ue
nt
se
di
me
nt
at
io
n
in
to
th
e
la
ke
.
Ar
ea
st
re
am
s
an
d
la
ke
s
re
fl
ec
t
po
or
na
tu
ra
l
dr
ai
na
ge
co
nd
it
io
ns
wi
th
hi
gh
di
ss
ol
ve
d
so
li
d
co
nc
en
tr
at
io
ns
an
d
lo
w
qu
al
it
y
wa
te
r,
fo
r
th
e
mo
st
pa
rt
.
Th
e
La
ke
Er
ie
ba
si
n
ha
s
th
e
le
as
t
ov
er
al
l
gr
ou
nd
wa
te
r
po
te
nt
ia
l
of
an
y
of
th
e
Gr
ea
t
La
ke
s
ba
si
ns
.
In
ad
di
ti
on
,
th
e
ch
em
ic
al
qu
al
it
y
of
th
e
gr
ou
nd
wa
te
r
ha
s
be
en
a
li
mi
ti
ng
fa
ct
or
in
gr
ou
nd
wa
te
r
de
ve
lo
pm
en
t.
Th
e
La
ke
Er
ie
ba
si
n
is
ch
ar
ac
te
ri
ze
d
by
a
di
ve
rs
if
ie
d
ec
on
om
y
wi
th
li
gh
t
an
d
he
av
y
in
du
st
ry
,
ag
ri
cu
lt
ur
e,
an
d
to
ur
is
m.
Th
e
av
ai
la
bi
li
ty
of
wa
te
rb
or
n
co
mm
er
ce
al
on
g
th
e
la
ke
ha
s
ma
de
th
e
ba
si
n
3
ma
jo
r
di
st
ri
bu
ti
on
ce
nt
er
.
Th
e
sh
or
el
an
ds
of
La
ke
Er
ie
ha
ve
th
e
he
av
ie
st
co
nc
en
tr
at
io
ns
of
po
pu
la
ti
on
an
d
in
du
st
ry
of
an
y
of
th
e
Gr
ea
t
La
ke
s.
Th
e
ex
te
ns
iv
e
ur
ba
n—
iz
at
io
n
an
d
ag
ri
cu
lt
ur
e
us
e
of
th
e
la
nd
ha
s
de
cr
ea
se
d
the
am
ou
nt
of
wi
ld
-
li
fe
ha
bi
ta
t
in
mu
ch
of
th
e
ba
si
n.
Major Land Uses
In
con
jun
cti
on
wit
h t
he
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
,
Pur
due
Uni
ver
sit
y d
eve
lop
ed
a g
ene
ral
ize
d l
and
use
map
pin
g f
or
eig
ht
cat
ego
rie
s
of
lan
d u
se
——
res
ide
nti
al,
com
mer
cia
l,
row
crop
, c
los
e g
row
n c
rop,
pas
tur
e,
for
est
, w
ate
r,
and
wet
lan
d——
uti
liz
ing
the
Ear
th
Res
our
ce
Tec
hno
log
y
Sat
ell
ite
(LA
NDS
AT-
l)
inf
orm
ati
on.
Thi
s p
rov
ide
d a
com
ple
te
con
ver
age
of the U.S. portion of the Great Lakes Basin.
Specialized Land Uses
 
The specialized land uses covered in this report are disposal opera-
tions, erosion, intensive livestock operations, high density nonsewered
residential areas, and recreational lands. These categories are considered
to be the more significant nonpoint sources of pollution affectingthe
water quality of the Great Lakes.
Disposal operations include liquid waste, solid waste, dredge spoil,
and deepwell disposal. Impacts on water quality from liquid waste disposal
systems will vary according to site characteristics and the amount and
types of effluents applied. Contamination of nearshore lake waters by
landfills can result from indirect processes, with the carrier of the
contaminants either water or air.
Parts of both the southwestern and the
eastern end of Lake Erie are not composed of glacial lake deposits and so
will have a higher degree of permeability to waterborne pollutants.
Due
to population and
industrial
development,
most
of
the dredge
spoil
that
is
removed
in the Lake Erie
basin contains
polluted
sediments.
Pollutants
commonly
include
nitrates,
phosphates
or
'
, ganic matter ' ‘
grease,
lead,
and
zinc.
, Chlorldes,
011
and
Erosion
occurs
in
two
particular
areas-—lakeshore
and
riverbank.
Pipblems
have
occurred
in
the
Lake
Erie
basin
with
the
erosion
of
soft
s
ore
material
and
the
subsequent
sedimentation
in
the
lake.
About
six
 
 O
f
g
r
e
a
t
e
s
t
c
o
n
c
e
r
n
o
f
t
h
e
p
o
l
l
u
t
a
n
t
s
f
r
o
m
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
a
r
e
n
i
t
r
a
t
e
s
a
n
d
p
h
o
s
p
h
a
t
e
s
,
b
a
c
t
e
r
i
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
,
a
n
d
h
i
g
h
B
O
D
r
a
t
e
s
.
T
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
h
a
s
a
l
a
r
g
e
n
u
m
b
e
r
o
f
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
,
r
a
n
k
i
n
g
s
e
c
o
n
d
o
n
l
y
t
o
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
.
D
u
e
t
o
t
h
e
l
a
r
g
e
n
u
m
b
e
r
o
f
u
r
b
a
n
i
z
e
d
a
r
e
a
s
i
n
t
h
i
s
l
a
k
e
b
a
s
i
n
,
o
n
l
y
1
5
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
h
o
u
s
i
n
g
u
n
i
t
s
a
r
e
n
o
t
c
o
n
n
e
c
t
e
d
t
o
t
h
e
p
u
b
l
i
c
s
e
w
e
r
s
y
s
t
e
m
.
T
h
e
r
e
i
s
m
u
c
h
p
r
e
s
s
u
r
e
o
n
a
v
a
i
l
a
b
l
e
r
e
c
r
e
a
t
i
o
n
f
a
c
i
l
i
t
i
e
s
d
u
e
t
o
t
h
e
l
a
r
g
e
u
r
b
a
n
p
o
p
u
l
a
t
i
o
n
.
T
h
e
r
e
i
s
a
l
a
c
k
o
f
i
n
l
a
n
d
l
a
k
e
s
a
n
d
s
t
r
e
a
m
s
i
n
P
S
A
4
.
2
,
4
.
3
,
a
n
d
4
.
4
,
i
n
c
r
e
a
s
i
n
g
p
r
e
s
s
u
r
e
o
n
L
a
k
e
E
r
i
e
f
o
r
recreation.
M
a
t
e
r
i
a
l
s
U
s
a
g
e
T
h
e
M
a
t
e
r
i
a
l
s
U
s
a
g
e
s
e
c
t
i
o
n
a
d
d
r
e
s
s
e
s
a
g
r
i
c
u
l
t
u
r
a
l
o
p
e
r
a
t
i
o
n
s
p
r
i
m
a
r
i
l
y
.
H
o
w
e
v
e
r
,
a
n
a
d
d
i
t
i
o
n
a
l
c
a
t
e
g
o
r
y
,
r
o
a
d
s
a
l
t
s
,
h
a
s
b
e
e
n
i
n
c
o
r
p
o
r
a
t
e
d
i
n
t
o
t
h
e
s
e
c
t
i
o
n
t
o
a
d
d
r
e
s
s
t
h
e
i
n
f
l
u
e
n
c
e
s
o
f
r
o
a
d
d
e
—
i
c
i
n
g
s
a
l
t
i
n
g
p
r
a
c
t
i
c
e
s
u
p
o
n
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
o
f
L
a
k
e
E
r
i
e
.
T
h
e
r
e
a
r
e
w
i
d
e
v
a
r
i
a
t
i
o
n
s
i
n
t
h
e
t
y
p
e
s
o
f
a
g
r
i
c
u
l
t
u
r
e
i
n
t
h
i
s
l
a
k
e
b
a
s
i
n
.
D
a
i
r
y
a
n
d
s
w
i
n
e
a
r
e
a
s
a
r
e
c
o
m
m
o
n
,
a
l
o
n
g
w
i
t
h
l
a
r
g
e
a
r
e
a
s
o
f
c
o
r
n
a
n
d
s
o
y
b
e
a
n
s
.
A
r
e
a
s
n
e
a
r
t
h
e
l
a
k
e
p
r
o
d
u
c
e
f
r
u
i
t
a
n
d
g
r
a
p
e
s
.
R
o
a
d
s
a
l
t
u
s
a
g
e
i
s
h
i
g
h
i
n
c
o
m
p
a
r
i
s
o
n
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
a
s
a
w
h
o
l
e
,
d
u
e
t
o
t
h
e
l
a
r
g
e
u
r
b
a
n
a
r
e
a
s
a
n
d
s
u
b
s
e
q
u
e
n
t
d
e
m
a
n
d
f
o
r
r
o
a
d
w
a
y
s
a
n
d
"
b
a
r
e
p
a
v
e
—
ment" policies.
T
h
e
m
a
j
o
r
r
e
s
i
d
u
a
l
s
g
e
n
e
r
a
t
e
d
f
r
o
m
t
h
e
v
a
r
i
o
u
s
m
a
t
e
r
i
a
l
s
u
s
e
d
i
n
a
g
r
i
c
u
l
t
u
r
a
l
o
p
e
r
a
t
i
o
n
s
a
r
e
n
u
t
r
i
e
n
t
s
a
n
d
i
n
d
u
s
t
r
i
a
l
c
h
e
m
i
c
a
l
m
a
t
e
r
i
a
l
s
.
T
h
e
g
e
n
e
r
a
t
i
o
n
o
f
n
u
t
r
i
e
n
t
s
,
p
r
i
m
a
r
i
l
y
n
i
t
r
o
g
e
n
a
n
d
p
h
o
s
p
h
o
r
u
s
,
r
e
s
u
l
t
s
f
r
o
m
a
n
i
m
a
l
m
a
n
u
r
e
s
a
n
d
f
e
r
t
i
l
i
z
e
r
u
s
a
g
e
.
C
h
e
m
i
c
a
l
r
e
s
i
d
u
a
l
m
a
t
e
r
i
a
l
s
a
r
e
p
r
i
m
a
r
i
l
y
g
e
n
e
r
a
t
e
d
f
r
o
m
t
h
e
u
s
e
o
f
h
e
r
b
i
c
i
d
e
s
,
i
n
s
e
c
t
i
c
i
d
e
s
,
a
n
d
f
u
n
g
i
c
i
d
e
s
o
n
c
r
o
p
s
.
I
n
a
d
d
i
t
i
o
n
,
r
o
a
d
d
e
i
c
i
n
g
s
a
l
t
s
c
a
n
g
e
n
e
r
a
t
e
s
i
g
n
i
-
f
i
c
a
n
t
l
e
v
e
l
s
o
f
c
h
l
o
r
i
d
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
l
o
c
a
l
i
z
e
d
g
r
O
u
n
d
a
n
d
s
u
r
f
a
c
e
w
a
t
e
r
a
r
e
a
s
.
A
t
h
i
r
d
c
o
m
p
o
n
e
n
t
,
a
l
t
h
o
u
g
h
r
e
l
a
t
i
v
e
l
y
m
o
d
e
s
t
i
n
n
a
t
u
r
e
,
i
s
t
h
e
l
e
a
c
h
i
n
g
o
f
l
i
m
i
n
g
m
a
t
e
r
i
a
l
s
i
n
t
o
g
r
o
u
n
d
a
n
d
s
u
r
f
a
c
e
w
a
t
e
r
a
r
e
a
s
.
Trends
T
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
,
s
e
c
o
n
d
m
o
s
t
p
o
p
u
l
o
u
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
,
w
i
l
l
e
x
p
e
r
i
e
n
c
e
f
u
r
t
h
e
r
i
n
c
r
e
a
s
e
i
n
p
o
p
u
l
a
t
i
o
n
l
e
v
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e
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c
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c
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c
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c
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p
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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LAKE ERIE AREA MEASUREMENTL/
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c
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c
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c
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b
y
l
a
c
u
s
t
r
i
n
e
d
e
p
o
s
i
t
s
o
f
c
l
a
y
,
s
i
l
t
,
a
n
d
f
i
n
e
s
a
n
d
o
f
l
o
w
p
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Most of the soils are in the graynbrown podzolic group with low lime
and phosphorus content. Surface horizons are high in organic matter.
Poor drainage is serious in northern Ohio and Erie County, Pennsylvania,
or where the soils have been developed from sandstone or shale. Poorly
drained soils contribute more sediment to flowing waters due to their
greater erosion rates than well drained soils.
Minerals
Mineral resources found in the basin are primarily non—metallic,
consisting largely of oil and gas, sand and gravel, salt, gypsum, clay,
and peat. Large salt deposits are located in the western portion of the
basin, while clay production dominates the lakeshore region. A more
detailed discussion of the mineral resources is found in the subarea
sections.
Water Resources
Climate
The climate of the Lake Erie basin is typically of the humid-
continental type with moderating influences of Lake Erie felt along the
lakeshores and the easternmost portion of the basin. There are no
physiographic influences in the basin. The basin as a whole has a mean
annual temperature of about 10°C (50°F) with extremes of -34°C (-30°F) and
38°C (lOOOF) recorded.
Mean annual precipitation in the basin is about 86 centimeters
(34 inches), with ranges from 81 to 122 centimeters (32 to 48 inches) and
increasing from north to south and east to west. Prevailing winds
average about 16 kilometers per hour (10 miles per hour) in the basin and
are from the south and west, though velocities as high as 146 kilometers
per hour (91 miles per hour) have been recorded. Thunderstorms and fog
are common occurrences on Lake Erie. Most of the basin experiences more
than 150 frost-free days. Snow accumulates to an average of 100 to 250
centimeters (40 to 100 inches) annually fromwest to east over the basin.
Humidity and precipitation is high in the basin because of the moisture
and air masses traversing Lake Erie. During mostyears ice formation on
Lake Erie is relatively greater than on any of the other four Great Lakes.
The western basin, shallow bays, and protected areas are normally ice-
covered from mid—January to mid—April.
Although precipitation is not a major input to Lake Erie as it is
in the upper Great Lakes, it still may affect the water quality by
absorbing pollutants in the atmosphere and thus contaminate the water.
Precipitation also allows nutrients and pollutants from land to enter
watercourses via runoff and percolation. Runoff is of particular concern
because of the poorly drained clay soils.
With the east—west orientation and shallow nature of Lake Erie, the
prevailing winds are a second climatic factor that affects the water
quality of this basin. Sudden fluctuations in water levels occur with a
large amount of force behind them. These short-term changes in lake
levels can cause severe problems resulting in erosion of the soft shore
material and the subsequent sedimentation into the lake.
 
  
Table 2
 
LAKE ERIE BASIN CLIMATIC SUMMARY(2)
Temp
erat
ure
(:F)
Prec
ipit
atio
n
Fros
t Fr
ee P
erio
d
Wind
Mean
Min:
16°
Annu
al:
30"—
40"
Min:
100
days
Summ
er:
6—ll
mph,
S
Mean
Max:
86°
Snow
fall
: 4
0"-1
20"
Max:
200
days
Wint
er:
8-l6
mph,
W—E
Ranges are an indication of latitude and/or location relative to the lake.
Surface Water ﬁydrolggy
The availability and quality of surface water resources in the basin
is a reflection of natural and human factors bearing upon those resources.
About one—third of the water which falls as precipitation in the basin
runs off annually. Glacial and bedrock features control the drainage
patterns of streams in the Lake Erie basin. Drainage is irregular and
deflected in the western portion of the basin by morainal features.
Streams in the east are typically short and direct to Lake Erie as they
drain from the Niagara and Portage Escarpments. Total stream kilometers
is over 32,180 (20,000 miles).
With the general exception of Planning Subarea 4.1 in the western
portion, there are few inland lakes and ponds in the Lake Erie basin.
Artificial impoundments, particularly in Ohio, are found frequently
throughout the basin. There are 1,794 inland lakes with 65,338 hectares
(161,448 acres) of surface water area in the Lake Erie basin. The estimate
total surface area of rivers, lakes, and embayments in the Lake Erie basin
is 79,970 hectares (197,600 acres).
Lakes St. Clair and Erie are major water resources in the Lake Erie
basin. Lake St. Clair is a very shallow lake with a total surface area
of 1,110 square kilometers (430 square miles), with 420 square kilometers,
(162 square miles) in the U.S. and a volume at low water datum of 4.17
cubic kilometers (1 cubic mile). Lake Erie is the fourth in the chain of
five Great Lakes, and is the shallowest and has the least volume of the
five Great Lakes. The total surface area of the lake is 25,670 square
kilometers (9,910 square miles), with 12,900 square kilometers (4,980
square miles) and a volume of 484 cubic kilometers (116 cubic miles) at
LWD. Average depth is 19 meters (62 feet) and a maximum recorded depth
of 65 meters (210 feet). There are two diversions of water out of Lake
Erie, the Welland Canal (200 cubic meters per second, or 7,000 cubic feet
per second) and the New York State Barge Canal (20 cubic meters per
second, or 700 cubic feet per second average). The Niagara River, Lake
Erie's natural outlet, discharges an average of 5,720 cubic meters per
second (20,200 cfs) from Lake Erie.
Area streams and lakes generally reflect poor natural drainage
conditions with high dissolved solid concentrations and low quality
water in most stream reaches due to municipal, industrial, and agricultura
waste disposal practices. Lake Erie has phosphorous concentrations about
11
 six times higher than that contained in the other lakes. Low dissolved
oxygen concentrations and high algae growths are characteristics of most
surface water resources in the Lake Erie basin.
Lake Erie has become infamous in the past years due to this degraded
water quality. The concentration of heavy metals in fish in Lake
St. Clair and accelerated eutrophication of the western and central basins
of Lake Erie have focused national attention upon these resources. Relative
to the other Great Lakes, however, Lake Erie has the natural ability to
cleanse itself of polluted materials in a shorter period of time.
Lake Erie is in need of restoration, which is possible within a few
decades if action is taken soon and decisively. Lake Erie's problems stem
from the interaction of four factors: (1) the bedrock of the lake and
drainage basins contain possible natural pollutants, (2) the lake basin is
extremely shallow and contains little water, (3) there is a major
megalopolis along the American shore, and (4) the lake receives water from
polluted areas in the other upstream Lakes. Restoration of Lake Erie
must include adequate action in Lake Michigan and parts of Lake Huron
to achieve acceptable water quality on long—term basis.
Ground Water
In general, the Lake Erie basin has the least overall groundwater
potential of the Great Lakes basins. Glacial drift provides excellent
aquifers in selected areas of Michigan, New York, and Ohio; the carbonate
aquifers are significant in western Ohio and northern New York areas.
Areas of limited groundwater potential occur in the lake plains along
the southern shore of Lake Erie east of Sandusky and in the upland areas
of Pennsylvania and New York.
Here, conjunctive use of surface water and
groundwater is a necessity to provide adequate water to most areas. The
total eStimated groundwater potential of the Lake Erie basin is 7,360
million liters per day (1,945 mgd).
Chemical quality of the groundwater has been a limiting factor in
groundwater development in the Lake Erie basin. However, most poor
quality water can be treated to improve its quality, so the use of ground-
water becomes an economic factor. Water from the Surficial sand and gravel
aquifers generally is good to fair in quality. Iron usually is present
and tne water can be hard and contain appreciable dissolved solids. Bed—
rock aquifers consistently yield hard to very hard water with dissolved
solids often over the recommended limit of 1,000 mg/l. Locally, and
increasily with depth, saline water is present. Iron and sulfate contents
may be relatively high in local areas and increase treatment costs.
Solution to the groundwater needsin specific water—short or problem
areas will require detailed studies. Critical factors will include
optimizing the economics of adopting surface—water sources versus groundwater,
both requiring treatment. Both sources require treatment before disposal
into stream. An additional benefit of groundwater use is augmentation of
streamflow, a water-management philosophy currently being considered in
Ohio.
12
 
  
 
   
Vegetation Zones and Wildlife Habitat
Approximately 1.2 million hectares (3 million acres) or 19 percent
of the Lake Erie region is covered by forest. Climatic and pedologic
factors favor hardwood forest types throughout the basin with softwoods
appearing in mixed stands in New York. The most common trees are oak,
ash, maples, elm, and hickory. Most of the forested land consists of
small woodlots. Four major concentrations of woodlands in the basin
include: the morainal areas in Michigan, the "green belts" around
Detroit and Cleveland, and the dissected plateau east of Buffalo, New York
Several state parks also have large timber stands in the basin.
Extensive urbanization, agricultural, and transportation development
has decreased the availability of fish and wildlife species and habitat
in most parts of the Lake Erie basin. Warmwater and rough fish species
dominate most of the area's inland lakes and streams. Some stocking
programs supply coldwater trout species to basin streams in Michigan
but largely on a put and-take basis. Wildlife has been depleted to the
ext
ent
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game species include fox, rabbit, and pheasant to limited degree. Water—
fowl are abundant on the bays and wetlands in the basin.
Demographic and Economic Characteristics
Population
The Lake Erie region is the second most populous in the five Great
Lakes with a 1970 population estimated at 11.5 million. The major
concentrations of people are found in Wayne, Cuyahoga and Erie Counties
in Michigan, Ohio and New York respectively. These three counties account
48 percent of the total U.S. population of the Lake Erie region.
The U.S. Bureau of Census has designed ten standard metropolitan
statistical areas which lie within the Lake Erie region. The urbanized
areas of the SMSA's comprise approximately 10 percent of the total land
area of the basin. Approximately 80 percent of the basin population in
1970 lived in these areas. The Lake Erie region has been one of the
fastest growing in the Great Lakes.
Resource Use and Development
 
The Lake Erie region is characterized by a diversified economy which
relies upon light and heavy industry, manufacturing, agriculture, and
tourism and recreation for support. Industrial activity is concentrated
in the highly populated metropolitan areas and most is near the lake shore
since it relies on a plentiful water supply and waterborne commerce. Tota
value added by manufacturers in the region is estimated at more than
$17 billion annually.
Generally speaking, agricultural production in the western portion
of the basin is characterized by dairy products, vegetables, fruits, and
field crops, as well as livestock and livestock products. The central
and eastern sections are smaller in area with higher urban concentrations
and typically generate value thr0ugh nursery and greenhouse products,
vegetables, and specialty crops like grapes, pears, and sweet cherries whﬁ
among the most significant.
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Table 3
LAKE ERIE AND LAKE ST. CLAIR COMPL§§
SHORELAND USE AND OWNERSHIP, 1970 )
  
(in miles)
Lake [tic
Duo low York Penn-11min Ohio Mickie-1 St Clair total
Residential 24.7 21.2 96.6 15.0 67.1 226.6
Con-etcial and industrial 9.0 3.6 15.0 0.8 29.6 58.0
Public lands and buildings 4.9 0.0 11 9 0.0 2.3 19.1
Agriculture and undeveloped 26.4 11.9 26.1 5.8 9.3 77.5
Recreation 7.9 11.6 25.7 2.8 4.6 52.6
Wildlife preserves 0.0 0.0 10.8 8.1 2.1 21.0
Forest lands 0.0 0.0 4 A 0.0 0.0 6.6
Ownership
Federal 0.0 0.0 6.8 0.0 (6.8)
Non-Federal public 12.8 11.6 35.7 10.9 (71.0)
Private 58.1 36.7 147.8 21.6 (265.2)
To Convert Fro. lg 1611:1211 I1
Mile. (Ii) Kilo-euro (in) 1.609
PLANNING SUBAREA 4.1
The population in this area lies within the State of Michigan, although
the headwaters of
border. Planning
includes the area
Detroit River.
almost all in Michigan, and 24 percent of the Lake Erie basin.
one stream lie a very short distance across the Ohio
Subarea 4.1 is located at the west end of Lake Erie. It
draining to the St. Clair River, Lake St. Clair, and the
It drains 13,500 square kilometers (5,200 square miles)
This is
one of the most rapidly urbanizing areas of the entire Great Lakes Basin.
This places considerable demand on the water and related land resources
for all purposes.
Many of the purposes conflict with each other; for
example, recreational development versus wildlife protection along the
Lake Erie shoreline.
Figure 6 and
Table 4 describe this area.
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_ Planning Subarea (PSA)
 r Table 4
Z; LAKE ERIE NORTHWEST PLANNING SUBAREA 4.1
rn
Drainage Area Population 1960 1970
Square Kilometers 13,468 Total 4,291,457 4,853,097
Square Miles 5,200 Farm 78,418 50,401
Non—Farm
4,213,039
4,802,696
States SMSA
Michigan 99.5%
Oh, 57 Ann Arbor 172,440 234,103
1° ' ° Detroit 3,762,360 4,199,931
Land Use and Water Area 1970(acres)
Total Area 4,062,100 Employment 1,518,046 1,844,864
griculture
Water Area 81,700 Forestry and
Land Area 3’980’400 Fisheries l 4% .8%
Urban 760,256 . . ' a a
C l d 2 217 083 Mining 0.14 .14
rop an ’ ’ Manufacturing 41.0% 36.8%
Pasture—Range 119,412 Other 57 57 62 37
Forest Land 664,727 ' ° ' °
Other Land Area 218,972 Income (l967$)
Lake Erie Shoreline Total Personal Income l9,722,677,000
EEISEEEEEE—————————— 52.3 Per Capita Income 4,057
Miles 32.5
To Convert From Ig_ Multiply By
Acres (acre) Hectares (ha) 0.405
 
Land Resources
Topography and Geology
 
The sedimentary bedrock formations under Planning Subarea 4.1 are of
Paleozoic age.
The formations range upward from the Munising Formation
of the Cambrian System to the Saginaw Group of the Pennsylvanian System.
Overlying the bedrock formations are unconsolidated Quaternary sediments
of
glacial
origin.
These
sediments
locally
attain
a
thickness
of
several hundred feet.
JR
Soils and Topography
The soils in the northwestern side of the planning subarea are
strongly rolling and predominately sandy.
To the east and southeast of these
areas are soils less steeply sloping and developed predominately in loams,
silt loams, silty clay loams, and clay loams. The soils on the lake plains
include those developed in clay loams, silty clay loams, and clay. 7
 
There is great variability in relief and cover characteristics
in this planning subarea.
Many areas in gently sloping lake plains are
intensely cultivated and even though the slopes are gentle, erosion rates
are high.
In addition, much of the rolling land on more erosive soils is
1
cultivated,
and relatively high erosion rates are found.
Soil characteristics important in identifying and locating potential
pollution problems resulting from land use activities are shown on Table 5,
NMKB while soil associations are shown on Figure 7.
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and till plains and moraines.
Nearly level to hilly (0-182 slope), coarse to
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Nearly level to gently sloping (0—62 slope), coarse
textur
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ll pl
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Table 6
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
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Table 7
GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 4.1(9)
(Stratigraphy only carried down to lowermost major aquifer)
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Thick- wen 1 Hell ’
Ira Sync. Group Formation noon yields depths I-otks
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Paleozoic Penlﬁrl inn Salim ’ ‘ Sangsgmr.v:gughg;h
Mississippi": births“ 50-150 50—500 40-330 Sandstone and shah. 01!,
gas. 5nd bztﬂ.
1 long. 1: that of typical high-capacity «11-.
Range 1: that of all will.
Table 8
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 4.1(9)
(Numerical ranges represent typical values and do not include unusually high or low values)
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dissolved Tempor-
AquL fer system Hardneu Sulfate Chloride Iron Iolidl nun l-lth
(Ins/1) (mg/1) (ms/1) (mg/1) (mg/1) (°F)
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Quatermry 50-680 0-320 10-700 0-7 150-600 M-SG
Milllalippiln 160-660 10-150 10-600 0-2 260-700 --- Lac-11y Julian.
Marshall)
To Convert From To Multiply By
Fahrenheit (°F) Centigrade (°C) C=5/9(C°F-32)
Vegetation Zones and Wildlife Habitat
The
low
er
hal
f o
f t
he
low
er
pen
ins
ula
has
a m
ore
hom
oge
neo
us
hab
ita
t
tha
n a
nyw
her
e e
lse
in
Mic
hig
an.
Wit
h t
he
exc
ept
ion
of
num
ero
us
wet
lan
ds,
a m
ixt
ure
of
woo
ds
and
agr
icu
ltu
ral
lan
ds
pre
dom
ina
te.
Whi
te—
tai
led
dee
r,
waterfowl and small game are the major wildlife species.
Thi
s p
lan
nin
g s
uba
rea
has
the
mos
t c
omp
lic
ate
d w
ild
lif
e m
ana
gem
ent
pro
gra
ms
in
the
ent
ire
Gre
at
Lak
es
Bas
in.
The
mos
t p
rod
uct
ive
and
lar
ges
t
exp
ans
e o
f m
ars
hla
nd
in
the
Bas
in
is
fou
nd
her
e a
nd
is
bei
ng
ove
r—r
un
by
a
hug
e m
etr
opo
lit
an
com
ple
x.
Fiv
e m
ill
ion
peo
ple
liv
e i
n a
nd
aro
und
Det
roi
t,
Ann
Arb
or,
and
Pon
tia
c,
mak
ing
thi
s t
he
sec
ond
mos
t d
ens
ely
pop
ula
ted
pla
nni
ng
sub
are
a i
n t
he
Bas
in.
Thi
s g
iga
nti
c b
iom
ass
pla
ces
an
ove
rwh
elm
ing
str
ain
on
the
are
a's
eco
-sy
ste
m.
Riv
er
sys
tem
s,
air
she
ds,
and
nat
ura
l v
alu
es
are
ser
iou
sly
deg
rad
ed.
Wil
dli
fe
pro
ble
ms
are
tho
se
of s
urvi
val,
of r
apid
ly d
imin
ishi
ng h
abit
at,
or d
egra
ded
habi
tat,
of u
se
conflict, and of numerous other people—oriented problems.
For
emo
st
of
the
pla
nni
ng
sub
are
a's
wil
dli
fe
res
our
ces
is
the
wes
ter
n
Lak
e E
rie
mar
sh
com
ple
x w
hic
h s
tre
tch
es
alo
ng
the
sho
re
fro
m t
he
Ohi
o l
ine
to t
he l
ower
Detr
oit
Rive
r.
Larg
e ma
rsh
area
s al
so e
xist
in L
ake
St.
Clai
r,
at t
he m
outh
of t
he S
t. C
lair
Rive
r.
Thes
e ma
rshe
s,
once
vast
and
prod
uc-
tive, have been reduced to small segments of their original size.
30
 
j—
<
—
Loss
and
degr
adat
ion
of w
etla
nds
is c
ompl
icat
ed b
y th
e us
ual
rise
in
rea
l e
sta
te
val
ue
of
the
se
lan
ds
onc
e t
hey
hav
e b
een
fil
led
or
dra
ine
d.
This
chan
ge h
as r
aise
d th
e va
lue
of m
any
surr
ound
ing
mars
hes
to a
pric
e
often higher than the state can afford. Even though shore marshlands
are invaluable to wildlife, their high cost in Planning Subarea 4.1
results in a shift to state purchase of important wildlife lands away
from the shore marshes toward lower priced lands elsewhere. Consequently,
industrial and private interests are winning the race for the acquisition
of shore areas.
A number of problems threaten waterfowl and habitat in the lower
Detroit River, a wildlife area of extreme importance. The problems
1 include oil pollution and other chemical pollutants coming from Detroit
and private development activity on Celeron Island. Species found here
4 ‘ in large numbers include canvasback and scaup ducks and whistling swans.
3 ‘ There has been a noticeable reduction in total numbers of various species.
This is especially true of herons, bitterns, rails, the Sandhill Crane,
and shorebirds.
Demographic and Economic Characteristics
 
Population, Resource Use and Development
The Lake Erie Northwest Planning Subarea, which includes the Detroit
SMSA, contained 4.9 million people in 1970, 16.5 percent of Great Lakes
Basin total population. The number of people employed was over1.8 million.
Both
popu
lati
on a
nd e
mplo
ymen
t in
this
PSA
have
incr
ease
d mo
re r
apid
ly
than in the Great Lakes Basin as a whole. About 667,000 workers were
employed in the manufacturing sector in 1970 with automotive related
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s p
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nat
ing
.
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1 p
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of
employment, and mining employment remained insignificant. The share of
total employment engaged in manufacturing is becoming less significant;
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L
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otal
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ased
80 p
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nt.
Eigh
ty n
ine
perc
ent
of t
he p
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atio
n wa
s
classified as urban in 1970, with further urbanization expected as the
population grows.
 
Following are tables detailing the economic and demographic characteris—
tics of the area.
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Table 10
AGRICULTURAL LAND USE, PLANNING SUBAREA 4.1 (11)
 
rent Normal l/
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Sugar Beets 19.
Potatoes 13.
Fruits 19.
43.
17.
213.
67.
12.
785.
2,215.
30.
87.
Comm. Vegetables
Comm. Sod
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Current normal represents present
Measurement is in thousands of acr
yield estimates
es or hectares
based on 1958-1972 average
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PLANNING SUBAREA 4:2
This planning subarea is located at the southwest end of Lake Erie,
and includes 23 counties in Ohio and Indiana, The drainage area also
includes a small portion of Michigan.
Table 12
LAKE ERIE SOUTHWEST PLANNING SUBAREA 4.2
 
Drainage Area Population 1960 1970
Square Kilometers 26,851 Total 1,565,736 1,724,868
Square Miles 10,367 Farm 167,700 137,318
Non—Farm 1,398,036 1,587,550
States
Ohio 82.7%
Indiana 12.4%
Michigan 4.9% SMSA's
Fort Wayne, IN 232,196 280,455
Land Use and Water Area(l970)(acres) Lima, OH 160,862 171,472
Total Area 6,368,600 Toledo, OH 529,527 574,092
Water Area 49,200 MI 101,120 118,479
Land Area 6,319,400
Urban 568,746 §m§%gy%%n£ 568,549 670,594
Cropland 4, 733,230 g C“ “re’
Forestry and
Pasture—Range 214,820 . , c 0
Fisheries 6.5% 3.1%
Forest Land 454,997 Mining 37 47
Other Land Area 347’567 Manufacturing 36.1% 36.1%
Lake Erie Shoreline Other 57°14 60'44
-—7-—--*————————-- Income (1967$)
Kilometers 138.1 ———-——
Miles 85.8 Total Personal Income 6,037,997,000
Per Capita Income 3,487
To Convert From :9. Multiply By
Acres (acre) Hectares (ha) 0.405
Land Fesourceg
Topography and Geology
Elevations range from near 300 meters (980 feet) in the northwestern
extremities of Planning Subarea 4.2 to about 180 meters (580 feet) at the
Lake Erie shore. The land is very flat to undulating with very little
local relief in most areas. The land gently slopes to the north and east
so that drainage generally follows topographic features.
Bedrock deposits consisting of consolidated sedimentary rocks have been
folded into a broad anticlinal structure called the Cincinnati Arch. The
axis of the arch generally follows a southeasterly line from near Sandusky
to Cincinnati, Ohio. Dolomites and limestones are dominant rock types, while
shales and clays also appear. These formations dip east and west away from
the arch axis.
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ur
ed
,
we
ll
to
so
me
wa
ht
po
or
ly
dr
ai
ne
d,
med
ium
to
sli
ght
ly
aci
d
soi
ls
for
med
on
lak
e,
and
til
l
pla
ins
and
mor
ain
es.
Ne
ar
ly
le
ve
l
to
sl
op
in
g
(0
—12
2
sl
op
e)
,
me
di
um
te
xt
ur
ed
,
we
ll
to
so
me
wh
at
po
or
ly
dr
ai
ne
d,
st
ro
ng
ly
ac
id
so
il
s
fo
rm
ed
on
ti
ll
pl
ai
ns
an
d
mo
ra
in
es
.
Ne
ar
ly
le
ve
l
to
ge
nt
ly
sl
op
in
g
(0
-6
2
sl
op
e)
,
me
di
um
te
xt
ur
ed
,
so
me
wh
at
po
or
ly
to
ve
ry
po
or
ly
dr
ai
ne
d,
me
di
um
ac
id
to
ne
ut
ra
l
so
il
s
fo
rm
ed
on
la
ke
an
d
ou
tw
as
h
pl
ai
ns
.
Ne
ar
ly
le
ve
l
(0
-2
2
sl
op
e)
,
me
di
um
an
d
mo
de
ra
te
ly
fi
ne
te
xt
ur
ed
,
po
or
ly
an
d
ve
ry
po
or
ly
dr
ai
ne
d,
me
di
um
ac
id
to
ne
ut
ra
l
so
il
s
fo
rm
ed
on
la
ke
pl
ai
ns
.
Ne
ar
ly
le
ve
l
(0
—2
1
sl
op
e)
,
or
ga
ni
c
so
il
s,
ve
ry
po
or
ly
dr
ai
ne
d,
me
di
um
ac
id
to
ne
ut
ra
l,
fo
rm
ed
in
de
pr
es
si
on
s.
Mor
ley
Bl
ou
nt
Miami
Cr
os
by
Ren
sse
-
Wh
it
ak
er
Le
na
we
e
M
o
n
t
g
o
m
e
n
R
e
n
s
s
e
—
Ca
rl
is
le
Hi
ll
et
te
 
le
ar
le
ar
 
si
lt
si
lt
si
lt
si
lt
si
lt
si
lt
si
.c
l.
lo
a#
si
.c
l.
lo
am
si
lt
y
cl
ay
si
lt
10
am
cl
ay
lo
am
mu
ck
mu
ck
lo
am
lo
am
si
lt
y
cl
ay
lo
am
cl
ay
lo
am
10
am
cl
ay
lo
am
10
am
cl
ay
lo
am
lo
am
cl
ay
lo
am
muck
muck
si
.c
l.
lo
a7
si
.c
l.
lo
a
we
ll
8
mo
d.
0.
2—
0.
8
0.
18
-0
.1
6
0.06—0.6
0.18-0.1
6
0.
6-
2.
0
0.
16
-0
.1
8
0.
06
—2
.0
0.
15
—0
.2
4
sa
nd
y
lo
am
ve
ry
po
or
ly
0.
06
—0
.2
0
0.
21
—0
.2
4
0.
6—
2.
0
0.
15
—0
.2
A
si
.c
l.
lo
am
0.
2—
0.
6
ve
ry
po
or
ly
ve
ry
po
or
ly
sa
nd
y
lo
ad
ve
ry
po
or
ly
0.
06
—0
.2
C
0.
21
—0
.2
4
ve
ry
po
or
ly
5.
0—
20
.0
0.
50
ve
ry
po
or
ly
    
0.
18
-0
.2
4
(0
.2
0.
11
—0
.2
3
5.
0—
10
.0
0.
50
  
.4
3
.
4
3
.37
.3
7
.3
7
.3
2
.49
.3
7
.1
7
.1
7
 
hi
gh
hi
gh
h
i
g
h
hi
gh
hi
gh
me
di
um
hi
gh
hi
gh
hi
gh
lo
w
lo
w
 
ll
Ex
pr
es
se
d
as
a
ra
ti
o
-
sa
me
in
me
tr
ic
fo
rm
E/
Fr
ag
ip
an
-
A
lo
am
y
su
bs
ur
fa
ce
la
ye
r
wi
th
r
e
s
t
r
i
c
t
e
d
p
e
r
m
e
a
b
i
l
i
t
y
To
Con
ver
t
Fro
m
__
__
._
_—
——
——
——
—
Inc
hes
(in
)
Ce
nt
im
et
er
s
(c
m)
ﬂg
l£
$2
lx
_!
1
2.
54
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SOIL
ASSOCI—
ATI
ON
[NU
MBE
R
SOIL A
SSOCIA
TION D
ESCRIP
TION
SOIL TEXTURE
  
HAJOR
SOIL
SERIES
TOP
SOIL
SU
B
SOIL
SUB
STRATA
NATURAL
SOIL
DRAINAGE
RESTRICT-
ED LAYER
PER
ME—
ABILITY
OF M
OST
in./hr.
AVAI
LABL
E
CAPA
CITY
WATER
(K)
WAC-
in.
/1n
,~r
oa
H
FATU
RAL
FER-
ILI
TY
REM
ARK
S
Ohio
1
10
ll
 
Nearly level
to gently sl
oping (0-62
slope),
medium t
o fine t
extured,
somewhat
poorly t
o very
poorly drained, medium
acid to neutral soils
termed on lake and till
plains and moraines.
Nea
rly
lev
el
to
gen
tly
slo
pin
g (
0—6
2 s
lop
e),
med
ium
to
fin
e
tex
tur
ed,
som
ewh
at
poo
rly
to
ver
y
poo
rly
dra
ine
d,
med
ium
aci
d t
o m
ild
ly
alk
ali
ne
soi
ls
for
med
on
lak
e a
nd
til
l p
lai
ns
and
mor
ain
es.
Nea
rly
lev
el
to
slo
pin
g
(0—
121
slo
pe)
, m
ode
rat
ely
fin
e t
o f
ine
tex
tur
ed,
som
ewh
at
poo
rly
to
ver
y
poo
rly
dra
ine
d,
str
ong
ly
aci
d t
o n
eut
ral
soi
ls
for
med
on
til
l p
lai
ns.
Nea
rly
lev
el
to
gen
tly
slo
pin
g (
0-6
1 s
lop
e),
mod
era
tel
y
fin
e a
nd
fin
e t
ext
ure
d,
som
ewh
at
poo
rly
to
ver
y p
oor
ly
dra
ine
d,
med
ium
aci
d t
o
neu
tra
l s
oil
s f
orm
ed
on
lak
e a
nd
out
was
h p
lai
ns.
Nea
rly
lev
el
to
gen
tly
slo
pin
g
(0-
62
slo
pe)
,
mod
era
tel
y
coa
rse
to
med
ium
tex
tur
ed,
mod
era
tel
y
wel
l
to
ver
y
poo
rly
dra
ine
d,
sli
ght
ly
aci
d
to
neu
tra
l
soi
ls
for
med
on
lak
e
pla
ins
.
Nea
rly
lev
el
to
gen
tly
slo
pin
g (
0—6
1 s
lop
e),
mod
era
tel
y c
oar
se
to
coa
rse
tex
tur
ed,
wel
l t
o
ver
y p
oor
ly
dra
ine
d,
med
ium
aci
d t
o ne
utr
al
soi
ls
form
ed o
n la
ke a
nd o
utva
sh p
lain
d an
d mo
rain
es.
Nea
rly
lev
el
to
mod
era
tel
y s
tee
p (
0—1
81
slo
pe)
,
med
ium
to
mod
era
tel
y f
ine
tex
tur
ed,
wel
l t
o
ver
y p
oor
ly
dra
ine
d,
med
ium
aci
d t
o n
eut
ral
soi
ls
form
ed o
n ti
ll p
lain
s,
terr
aces
and
mora
ines
.
Nea
rly
lev
el
(0—
21
slo
pe)
, m
edi
um
tex
tur
ed
ove
r
mar
l,
ver
y p
oor
ly
dra
ine
d,
sli
ght
ly
aci
d t
o
mod
era
tel
y a
lka
lin
e s
oil
for
med
on
flo
odp
lai
ns.
Nea
rly
lev
el
to
gen
tly
slo
pin
g
(0-
61
slo
pe)
,
med
ium
to
mod
era
tel
y f
ine
tex
tur
ed,
wel
l t
o
ve
ry
po
or
ly
dr
ai
ne
d,
me
di
um
to
sl
ig
ht
ly
ac
id
soi
ls
for
med
on
til
l
pla
ins
and
mor
ain
es.
vHixed
 
Hoytville clay c
lay clay
Nappanee silt loam cl
ay silty clay
Latt
y
clay
clay
clay
Nap
pan
ee
sil
t l
oam
cla
y
Paul
ding
Ros
elm
s
clay
si.c
1.lo
clay
clay
clay
clay
Tole
do
silt
y cl
ay
ilty
clay
si
.c
l.
lo
am
ilty
clay
Lena
wee
si.c
l.lo
sm
ilt
loam
Ful
ton
si.
c1.
loa
m h
ilt
y c
lay
mil
ty
cla
y
Tus
col
a
fi.
ss.
loa
m ki
lt
loa
m h
ilt
a
fi.sa.lo
am fine
sand
ilt G
in
e
sa
nd
si
lt
lo
am
,
fi
ne
sa
nd
Kib
ble
loa
m
cla
y l
oam
Col
woo
d
sil
t l
oam
i.c
1.l
oam
san
dy
loa
m
loa
my
san
d
andy
loam
loa
my
san
d
cla
y o
r
San
ds
san
d
Hil
ton
sil
t l
oam
bi.
cl.
loa
m l
ime
sto
ne
be
dr
oc
k
Hi
ll
sd
al
e
li
me
st
on
e
be
dr
oc
k
si.
c1.
loa
m
cla
y
War
ner
s
sil
t l
oam
sil
t l
oam
mar
l
Blo
unt
sil
t l
oam
sil
ty
cla
y s
i.c
1.l
oam
Pe
wa
mo
cl
ay
lo
am
cl
ay
lo
am
cl
ay
lo
am
sil
ty
cla
y
very poorly
somewhat
poorly
very poorly
some
what
poorly
very
poorl
y
some
what
poorly
very
poorl
y
poor
ly &
ver
y p
oor
ly
so
me
wh
at
poorly
mod
.
we
ll
somewhat
poorly
po
or
ly
8
ve
ry
po
or
ly
well to
very
poorl
y
well
very
poorl
y
ver
y p
oor
ly
so
me
wh
at
p
o
o
r
l
y
po
or
ly
6
ve
ry
po
or
ly
 
Ha
rl
ey
si
lt
lo
am
si
.c
l.
lo
am
si
.c
l.
lo
a
 
 
   
wel
l
& m
od.
we
ll
 
D
.
0
6
-
l
0
.
0
0.
06
-0
.6
0.2
—0.
8
0.0
6-0
.20
0.1
8-0
.l6
0.
16
-0
.1
4
(
0
.
0
6
(0
.0
6
(0
.0
6
(0.06
<
0
.
0
6
0.
06
—0
.2
0.2
—0.
6
0.
06
-0
.2
0.
8—
2.
5
0.2
—2.
5
0.6
-2.
0
0.2
—0.
6
0.
2-
0.
6
0
.
2
-
2
.
0
0.
2—
0.
06
 
0.10
—0.1
8
0.
16
-0
.2
4
0.
10
-0
.1
8
0.
10
-1
.1
8
0.12
-0.1
8
0.
18
—0
.2
4
0.
08
-0
.1
8
0.
16
-0
.1
8
0.16
-0.1
8
0.
17
-0
.2
4
0.04
—0.1
6
0.
13
-0
.2
0
0.
12
-0
.1
8
0.
16
—0
.2
2
0.
16
-0
.1
8
0.
12
-0
.2
2
0.
16
—0
.l
.49
.49
.49
.49
.49
.49
.49
.
4
9
.49
.3
7
.37
0.
17
A
0
.
2
4
.3
7
.43
.37
.43
.49
 
.43
hi
gh
hi
gh
high
hi
gh
high
high
hi
gh
high
hi
gh
medium
hi
gh
high
lo
w
to
med
ium
med
ium
medium
med
ium
hi
gh
hi
gh
hi
gh
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PERM—1
ABILITY
SOIL 0F MOST AVAILABLE
Assoc1-
HAJOR
NATURAL IRESTRICT- NATER (R) NATURAL
“mu
SOIL TOP
sun
sun
SOIL ED LAYER CAPACITY (FAC— FER—
lNUHBER SOIL
ASSOCIATION DESCRIPTIO
N SERIE
S SOIL SOIL
STRATA DRAINAGE
in./hr. in./1n.-]: TOR
TILITY REMARKS
 
Ohio (co
ntinued)
12 Ne
arly lev
el to ge
ntly slo
ping (0—
62 slope
),
Morley
silt loa
m si.cl
.loam si
.cl.loaﬁ
well a m
od.0.2-0
.8 0.
16—0.18
.43 hig
h
medium
to mod
eratel
y fine
textur
ed, we
ll to
very
well
poorly drain
ed, medium
to slightly
acid soils
to
l on
till
plain
s and
Iorai
nes.
Bloun
t
silt
loam
silty
clay
si.cl
.loam
somew
hat
P.06—
0.6
0.16-
0.18
.43
high
poo
rly
Pewamo
clay l
oam c
lay lo
am cl
ay loa
m poo
rly &
0.2—0.
8 0.
12—0.2
2 .49
high
very poorly
14
Nearly
level
to slo
ping (
0—121
slope)
, mode
rately
Miami
silt l
oam c
lay lo
am lo
am
well
0.6—2.
0 0.
16-0.1
8 .32
high
coarse to mo
derately fi
ne textured,
somewhat
poorly to po
orly drained
, very stron
gly acid
to neutr
al soils
formed o
n lake p
lains.
Celina
silt l
oam c
lay lo
am lo
am
mod. w
ell
0.6-2.
0 0.
16-0.1
8 .37
high
15 Nearly level to g
ently sloping (0—61 slo
pe), med- Crosby s
ilt loam clay loam lo
am somewhat 0.0
6—0.20 0.15—0.24 .37
high
ium to moderately fine textured, somewaht poorly poorly
to very poorly drained, strongly acid to neutral Brookston si.cl.loam clay loam loam very poorly 0.06-0.20 0.18-0.20 .43 high
soils formed on till plains and moraines.
3
9
b
30
Near
ly l
evel
to s
lopi
ng (
0-12
2 sl
ope)
, mo
dera
tely
Pain
esvi
ll:
fi.s
a.lo
ad f
i.sa
.loa
n cl
ay
some
vhst
0.06
—0.6
0.12
—0.2
2 .
32
medi
um
coars
e to
moder
ately
fine
textu
red,
somew
hat
poorl
y
poor
ly t
o po
orly
drai
ned,
very
stro
ngly
acid
to
_
neut
ral
8011
8 fo
rmed
on l
ake
plai
n.-
Cane
adea
silt
loam
si.c
1.lo
am s
i.cl
.loa
m so
::::
:;
(0.0
6
0.12
0.21
.49
low
Cana
dice
si.c
l.lo
am s
ilty
clay
silt
y cl
a}
poor
ly
<0.0
6
0.12
—0.2
1
.49
low
32
Near
ly l
evel
to g
entl
y sl
opin
g (0
—62
slop
e),
Alli
s
silt
loam
silt
loam
shal
e
poor
ly t
o
0.06
—0.2
0.10
-0.2
1
.43
medi
um
mediu
m to
fine
textu
red,
somew
hat p
oorly
to
bedro
ck
somew
hat
poorl
y dra
ined,
sligh
tly t
o ver
y str
ongly
acid
poorl
y
6011
8 fo
r-ed
on l
ake
and
till
plai
n. a
nd m
orni
nes'
Hick
liff
e si
lty
clay
clay
shal
e
poor
ly
(0.0
6
0.lO
~0.2
1 .
43
medi
um
be
dr
oc
k
Frie
s
si.c
l.lo
sm c
lay
shal
e
poor
ly
<0.0
6
0.10
—0.2
.43
medi
um
be
dr
oc
k
33
Near
ly l
evel
(0—2
2 sl
ope)
, mo
dera
tely
fine
Lora
in
si.c
l.lo
sm s
ilty
clay
clay
very
poor
ly,
0.06
-0.2
0.10
—0.1
9 .
43
medi
um
text
ured
, ve
ry p
oorl
y dr
aine
d, s
tron
gly
acid
to
_
_
neut
ral
soil
s fo
r-ed
on l
ake
and
till
plai
ns.
Honr
oevi
lle
si.c
l.lo
am s
i.cl
.loa
\ 82
1:;
very
poor
ly
0.06
0.2
0.10
0.19
.43
high
36
Near
ly l
evel
to g
entl
y sl
opin
g (0
-62
slop
e),
Maho
ning
silt
loam
silt
y cl
ay c
lay
loam
some
what
0.06
-0.2
0.12
—0.2
0 .
49
medi
um
medi
um t
o mo
dera
tely
fine
text
ured
, so
mewh
at
poor
ly
poor
ly a
nd p
oorl
y dr
aine
d. v
ery
stro
ngly
to
_
_
sl
ig
ht
ly
ac
id
so
il
s
fo
rm
ed
on
ti
ll
pl
ai
ns
an
d
Tr
um
bu
ll
si
.c
l.
lo
am
cl
ay
si
.c
l.
lo
am
po
or
ly
0.
06
0.
2
0.
08
0.
20
.4
9
me
di
um
mora
ines
.
41
Near
ly l
evel
to m
oder
atel
y st
eep
(0—1
81 s
lope
),
Alex
andr
i+
silt
loam
si.c
l.lo
amﬁc
lay
108
well
0.2-
0.6
0.15
-0.2
2
.37
high
med
ium
tex
tur
ed,
wel
l t
o s
ome
wha
t p
oor
ly
dra
ine
d,
_
_
J
very
stro
ngly
acid
to n
eutr
al 8
0118
form
ed
on
Card
ingt
on
silt
loam
dela
y l
oam
Lcla
y lo
a m
od.
well
0.2
0.6
0.10
0.2ﬁ
‘ .
37
high
             
Ania—ennan «wimllm
  
till
plai
ns a
nd m
orai
nes.
Benn
ingt
o
silt
loam
si.c
l.lo
loan
some
what
U.Ub
-U.£
U.Ul
-U.£
.3/
nlgn
I
poor
ly
I
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SOlL TEXTURE
PERM!-
ABILITY
SOIL
.
OF‘PDST AVAILABLE
ASSOCI-
MAJOR
NATURAL RESTRICT— WATER (K) NATURAL
ATION
SOIL
TOP
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sun
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NUMBER
SOIL ASSOCIATION DESCRIPTION
SERIES
SOIL
SOIL
STRATA
DRAINAGE
1n./hr.
in.A£1l/TOR IILIIY
REMARKS
 
Ohio (co
ntinued)
42 Nearly level to gently sloping (0—61 slope),
Bennington silt loam si.cl.loam loam
somewhat
0.06-0.2 0.07-0121 .37 high
medium textured. somewhat poorly to very poorly
poorly
drained, very strongly acid to mildly alksline
80118 formed on lake and till plain. and moraines. Marengo loam
clay loam loam
very poorly 0.2-2.0 0.12-0.22 .37 high
Condit silt loam si.c1.loan [:i.c1.loam poorly
(LOG—0.2 0.07-0.21 .43 medium
57 Nearly level (0-22 slope), organic soils, very Organic luck
pluck
uck
very poorly 5.0-20.0 0.50
.17 low
poorly drained, extremely to slightly acid
soils formed in depressions in lake, till and
outwash plains and moraines.
        
 
 
 
1/ Expressed as a ratio - same in metric form
To Convert From
To
Multiply By
 
2/ Fragipan - A loamy subsurface layer w1th
Inches (in)
Centimezers (cm) 2.54
restricted permeability
  
4
0
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S
O
I
L
T
E
X
T
U
R
E
.
P
E
R
M
E
—
AB
IL
IT
Y
SO
IL
0F
HO
ST
AV
AI
LA
BL
E
AS
SO
CI
-
MA
JO
R
NA
TU
RA
L
RE
ST
RI
CT
—
WA
TE
R
(K
)
NA
TU
RA
L
AT
IO
N
SO
IL
TO
P
SU
B
SU
B
SO
IL
ED
LA
YE
R
CA
PA
CI
TY
1
FA
C-
FE
R—
NU
MB
ER
SO
IL
AS
SO
CI
AT
IO
N
DE
SC
RI
PT
IO
N
SE
RI
ES
SO
IL
SO
IL
ST
RA
TA
DR
AI
NA
GE
in
./
hr
.
in
./
1n
.—
TO
R
TI
LI
TY
RE
MA
RK
S
 
Mi
ch
ig
an
31
Ne
ar
ly
le
ve
l
to
sl
op
in
g
(0
-1
22
sl
op
e)
,
me
di
um
Na
pp
an
ee
si
lt
lo
am
cl
ay
.s
il
ty
cl
ay
so
me
wh
at
(0
.0
6
0.
16
-0
.1
4
.4
9
hi
gh
to
mo
de
ra
te
ly
fi
ne
te
xt
ur
ed
.
we
ll
to
so
me
wh
at
po
or
ly
po
or
ly
dr
ai
ne
d,
me
di
um
to
st
ro
ng
ly
ac
id
so
il
s
_
fo
rm
ed
on
la
ke
an
d
ti
ll
pl
ai
ns
an
d
mo
ra
in
es
.
St
.
Cl
ai
r
cl
ay
lo
am
cl
ay
cl
ay
we
ii
li
mo
d.
(0
.2
0.
10
0.
25
.h
9
hi
gh
Bl
ou
nt
si
lt
lo
am
si
lt
y
cl
ay
si
.c
1.
lo
a
so
me
wh
at
0.
06
—0
.6
0.
18
—0
.1
6
.h
3
hi
gh
poorly
Mo
rl
ey
si
lt
lo
am
si
.c
l.
lo
am
si
.c
1.
lo
am
we
ll
a
mo
d.
0.
2—
0.
8
0.
18
—0
.1
6
.4
3
hi
gh
we
ll
34
Ne
ar
ly
le
ve
l
to
mo
de
ra
te
ly
st
ee
p
(0
-1
82
sl
op
e)
,
Mi
am
i
si
lt
lo
am
cl
ay
lo
am
lo
am
we
ll
0.
6—
2.
0
0.
16
-0
.1
8
.3
7
hi
gh
me
di
um
te
xt
ur
ed
,
we
ll
an
d
so
me
wh
at
po
or
ly
dr
ai
ne
d,
me
di
um
to
sl
ig
ht
ly
ac
id
so
il
s
fo
rm
ed
on
ti
ll
pl
ai
ns
an
d
mo
ra
in
es
.
Co
no
ve
r
lo
am
cl
ay
lo
am
lo
am
so
me
wh
at
2.
0-
0.
2
0.
16
—0
.1
8
.3
7
hi
gh
poorly
  
35
Ne
ar
ly
le
ve
l
to
mo
de
ra
te
ly
st
ee
p
(0
-1
82
sl
op
e)
.
Hi
ll
sd
al
e
sa
nd
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Figure 13
DISTRIBUTION OF MINERAL OPERATIONS ACTIVE
IN 1968 AND MAJOR MINERAL RESOURCE
AREAS(1)
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 flow east—west across the subarea before confluence with the general north—
south drainage trend. Table 14 indicates flow characteristics for selected
stations in the area. Average runoff is about 25 centimeters (10 inches).
Floods do occur in subarea streams and are a major concern along flood
plain areas.
Inland lakes are not plentiful in Planning Subarea 4.2. They
number 444 and total for over 10,500 hectares (26,000 acres). The
largest lake in the planning subarea is Lake St. Marys. Due to subarea
topography, reservoirs have been proposed to guarantee water supplies for
a variety of purposes. Four sites already exist for over 6,880 hectares
(17,000 acres) of surface waters.
  
Table 14
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
lootth Hun Annual than
Discharge Discharge
Period Drainage
Station Stream and of Area Discharge Maxim Minimum Maximum Mini-um
so. 4 _S_t‘ation Record (sq mi) (cfs) (cfs) (cfa) (cfe) (eta)
Planning Subarea 4.2
1805 St. Joseph River near 1941—55 1,060 967 5,820 65 1,790 396
Fort Wayne. Ind.
1620 St. Mary's liver near 1930-73 762 561 4,900 12 1.093 174
Fort Wayne, Ind.
1835 Haumee River at 1921-72 2,129 1,642 11,600 79 3,459 389
Antwerp, Ohio
1960 Sandueky River near 1926—72 88.8 81.1 635 1.3 128 20.4'
Bucyrus, (I110
1965 Sandusky River near 1922—72 298 235 1,700 1.2 392 70
Upper Sondusky, Ohio
1970 Sandusky liver near 1924—72 774 558 4,280 8.5 970 175
Pbxico, (Ilia
1980 Sanduaky' River near 1924—72 1,251 920 7,660 9.9 1,551 275
Fremont, Ohio
1990 Huron Riverat 1951-72 371 279 1,821 5.8 486 145
Milan, Ohio
1995 Vermilion River near 1951—72 262 226 1,663 0.0 484 102
Vermilion, Ohio
To Convert From 12 Multing By
Square H.100 (sq mi) Square lilo-etero (sq in) 2.59
Cubic Foot Per Second (cf!) Cubic Hetero Per “coll (ens) 0.028
Ground water
Ground water supplies in Planning Subarea 4.2 are adequate in
quantity with the exception of a few areas, but water quality is the most
critical problem. Throughout much of the area, water from the carbonate-
rock aquifers is very hard, commonly over 200 mg/l, and highly mineralized.
A number of communities whose only supply is ground water are using water
containing a dissolved solids considerably above the 1,000 mg/l limit
suggested by the U.S. Public Health Service for drinking water. Water
derived from glacial aquifers is typically much less mineralized but is
usually quite hard. Iron is often excessive in ground water from most
of the aquifers, particularly those associated with shale, and sand and
gravel. water derived from carbonate rock systems in localized areas is
apt to have objectionable amounts of hydrogen sulfide.
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In much of the area, thin drift overlying porous limestoneresults
in conditions conductive to pollution of the ground water. A serious
situation exists in Ohio in the BelleVue area of Huron County and part of
Erie County south of Sandusky. In this area, municipal and domestic
waterasupply wells have had to be abandoned because of contamination of
the limestone aquifer. No natural surface stream drained the area and for
years sewage and waste were dumped into sinkhole and into wells drilled
for that purpose in the cavernous terrain. The high cost of installing
municipal sewage facilities has been one of the main obstacles in remedying
the situation; however, a sewage systemand secondary treatment facilities
are now being constructed. In general, the planning of well—disposal
systems to lesser depths must consider the matter of contamination of
fresh and brackish—water aquifers. Brackish—water aquifers are a potential
fresh water source now that demineralizing of water is becoming economical.
Low well yields occur in both bedrock and unconsolidated—
sediment aquifers. In the northwest corner of Ohio and in an area about
16 kilometers (10 miles) wide extending impermeable Devonian shale and
yields only meager amount of water to wells. Sediments filling the buried
Teays pre-glacial drainage system, which has tributary valleys in the
southwestern part of the Maumee basin, are fine—grained and yields to
wells are typically low. However, the thick—saturated deposits are of
significance in the water—yielding capabilities of adjacent bedrock
aquifers.
 
  
   
   
    
  
   
Representative long-term hydrographs do not show a pronounced
dewatering of the aquifers in the region. Originally, wells tapping
carbonate aquifers at Lima, Ohio, were flowing, but municipal and
industrial development has resulted in lowering water levels to about
45 meters (150 feet) below the surface. However, the rate of dewatering
at Lima seems to have leveled out somewhat in recent years despite addi-
tional exploitation of the aquifers. In some localities in the north—
western Ohio counties, artesian wells in glacial sands and gravels no
longer flow. A major cause of this is increased water use and decreased
recharge due to land drainage.
Table 15
GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 4.2
(Stratigraphy only carried down to lowermost major aquifer)
(9)
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Tot-1
dissolved Temp-r-
Aquifer sync-n Enrdnaul Sulfltl Chloride Iran solids Itull Resort.
(us/1) (mg/1) (5z 1) all) (ls/1) (°F)
  
Indgnn;
Quaternary 250-1000 3-3001 3-20 0.5-4 325-1000 1 --- Ada-I County hon sulfates and
(Slnd and grlvcl) dissolved solids over 1000
locally.
Silurian-Devonian 500-1000 350-1000 5-50 0.5-3 600-1500 ---
(Huntington-Sellersburg)
Michigan
Quaternary 170-325 10-55 5-25 0-1.5 200-415 ---
(Sand and gravel)
Mississippian 315 28 16 0.2 348 Hillsdale County only, 1 analylil.
(Marshall)
Silurian-Devonian 112-115 14 2 0.1-0.2 1A0-148 --- Hillsdale County only.
(Bass Islands-Traverse)
Ohio
Quaternary 165-820 1-480 3-315 0.15-2.2 170-1050 51-55
(Sand and gravel)
Mississippian 70-400 30-75 5-60 0.20-0.90 400-520 55-56
(Berea-Cuynhoga)
Devonian 300-1250 100-930 5-110 0.02-4 300-1700 55-58
(Detroit River)
Silurian 375-1600 240-1500 5-50 0.05-2.6 280-2700 5k-56
(Bass Islands)
(Lockport) 330-920 4130-800 5-45 0105-216 470-1670 50-56
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se
ve
n
pe
rc
en
t
of
th
e
su
ba
re
a
re
si
de
nt
po
pu
la
ti
on
we
re
cl
as
si
fi
ed
as
ur
ba
n
in
19
70
.
Hi
gh
es
t
po
pu
la
ti
on
co
nc
en
tr
at
io
ns
oc
cu
r
in
ma
jo
r
ur
ba
n
ce
nt
er
s
li
ke
To
le
do
,
Li
ma
,
Fo
rt
Wa
yn
e,
Sa
nd
us
ky
,
an
d
in
La
ke
Er
ie
co
un
ti
es
.
Sm
al
l
ru
ra
l
co
mm
un
it
ie
s
do
t
th
e
en
ti
re
su
ba
re
a.
In
19
60
,
ag
e
di
st
ri
bu
ti
on
fi
gu
re
s
re
ve
al
ed
th
at
21
pe
rc
en
t
of
th
e
su
ba
re
a
po
pu
la
ti
on
we
re
un
de
r
18
,
ne
ar
6
pe
rc
en
t
we
re
65
an
d
ov
er
,
wh
il
e
73
pe
rc
en
t
we
re
between 19 and 65.
Re
so
ur
ce
Us
e
an
d
De
ve
lo
pm
en
t
Em
pl
oy
me
nt
in
19
70
wa
s
at
67
0,
00
0
wh
ic
h
wa
s
ab
ou
t
6
pe
rc
en
t
of
th
e
ba
si
n
to
ta
l.
Th
e
ma
nu
fa
ct
ur
in
g
se
ct
or
em
pl
oy
ed
24
1,
00
0
wo
rk
er
s
in
19
70
ac
co
un
ti
ng
fo
r
ab
ou
t
36
pe
rc
en
t
of
em
pl
oy
me
nt
,
wi
th
fl
oo
d
pr
od
uc
ts
an
d
pr
im
ar
y
me
ta
ls
am
on
g
th
e
ma
jo
r
em
pl
oy
er
s.
In
19
70
ag
ri
cu
lt
ur
al
em
pl
oy
me
nt
of
20
,1
00
ac
co
un
te
d
fo
r
ab
ou
t
3
pe
rc
en
t
of
to
ta
l
su
ba
re
a
em
pl
oy
me
nt
wi
th
mi
ni
ng
em
pl
oy
me
nt
re
ma
in
in
g
re
la
ti
ve
ly
in
si
gn
if
ic
an
t.
Ma
jo
r
ag
ri
cu
lt
ur
al
pr
od
uc
ts
in
cl
ud
e
co
rn
,
wh
ea
t,
oa
ts
,
so
y
be
an
s,
an
d
to
ma
to
es
.
Ar
ea
s
al
on
g
th
e
La
ke
Er
ie
sh
or
e
pr
od
uc
e
fr
ui
ts
an
d
tr
uc
k
cr
op
s
to supply nearby urban centers.
Tr
ad
es
an
d
se
rv
ic
es
in
th
e
su
ba
re
a
em
pl
oy
ap
pr
ox
im
at
el
y
40
pe
rc
en
t
of the total working force.
Ta
bl
es
17
,
18
,
an
d
19
de
sc
ri
be
ec
on
om
ic
an
d
de
mo
gr
ap
hi
c
characteristics of the area.
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LOU-LC
.I.l
POPULATION
DATA
BY
COUNTY<10)
 
Number
Percent
Land
TOTAL
POPULATION
Urban
Urban
Area
Sq.
1940
1950
1960
1970
1970
1970
Mi.
1970
PLANNING
SUBAREA
4.2
IQIAE
1,175,836
1,325,103
1,565,736
1,724,868
1,162,153
67.0
9,887
 
Indiana
201,094
232,138
285,110
338,163
248,669
74.0
1,382
  
Adams
21,254
22,393
24,643
26,871
11,433
42.5
345
Allen
155,084
183,722
232,196
280,455
225,184
80.3
671
De
Kalb
24,756
26,023
28,271
30,837
12,052
39.1
366
Ohio
974,742
1,092,965
1,280,626
1,386,705
913,484
66.0
8,505
Allen
73,303
88,183
103,691
111,144
76,428
68.8
410
Auglaize
28,037
30,637
36,147
38,602
16,126
41.8
400
Crawford
35,571
38,738
46,775
50,364
32,181
63.9
404
Defiance
24,367
25,925
31,508
36,949
19,742
53.4
412
Erie
43,201
52,565
68,000
75,909
53,571
70.6
264
Fulton
23,626
25,580
29,301
33,071
13,450
40.7
407
Hancock
40,793
44,280
53,686
61,217
38,897
63.5
532
Henry
22,756
22,423
25,392
27,058
7,791
28
8
416
Huron
34,800
39,353
47,326
49,587
23,288
47.0
497
Lucas
344,333
395,551
456,931
483,594
56,008
94
1
343
Mercer
26,256
28,311
32,559
35,558
11,312
32.1
444
Ottawa
24,360
29,469
35,323
37,099
10,009
27.0
261
Paulding
15,527
15,047
16,792
19,329
2,983
15.4
417
Putnam
25,016
25,248
28,331
31,134
3,622
1
6
486
Sandusky
41,014
46,114
56,486
60,983
30,790
5
5
409
Seneca
48,499
52,978
59,326
60,696
33,717
5
6
551
Van
Wert
26,759
26,971
28,840
29,194
14,627
50.1
409
33 2
5
1
4
0
5
1
Williams
25,510
26,202
29,968
33,669
11,192
421
Wood
51,796
59,605
72,596
89,722
48,582
619
Wyandot
19,218
19,785
21,648
21,826
9,168
406
To
Convert
From
29_
MultiElz
BX
Square
Miles
(sq
mi)
Square
Kilometers
(sq
km)
2.59
  
   
Table 18
AGRICULTURAL LAND USE IN PLANNING SUBAREA 4.2(11)
gro
g
Cur
ren
t N
orm
al
1!
Acres 2/ Hectares 2/
Whe
at
509
.5
206
.2
Oat
s
207
.2
83.
9
Rye
9.1
3.7
Bar
ley
2.5
1.0
Mi
sc
.
Sm
al
l
Gr
ai
ns
0
0
Cor
n f
or
Gra
in
1,2
01.
0
486
.0
Cor
n S
ila
ge
66.
7
27.
0
Soy
bea
n
1,5
26.
2
617
.6
Dry
E.D
. B
ean
s
0
0
Sug
ar
Bee
ts
33.
6
13.
6
Pot
ato
es
4.3
1.7
Fru
its
10.
9
4.4
Com
m.
Veg
eta
ble
s
44.
4
18.
0
Com
m.
Sod
0.9
0.4
Alf
alf
a H
ay
258
.4
104
.6
Clo
ver
& T
imo
thy
Hay
185
.9
75.
2
Cro
pla
nd
Pas
tur
e
92.
9
37.
6
Idl
e C
rop
lan
d
581
.6
235
.4
Tot
al
Cro
pla
nd
4,7
35.
1
1,9
16.
3
Imp
rov
ed
Pas
tur
e
81.
3
32.
9
Impr
ovab
le P
astu
re
132.
5
53.6
N. Improv. Pasture
Tota
l Pa
stur
e
213.
8
86.5
Total Ag. Land 3/ 4,948.9 2,002.8
l/ Current normal represents present yield estimate based on 1958—1972 average
2] Measurement is in thousands of acres or hectares
.2/ Totals may not add due to rounding
52
Table 19
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY IN 1970
PLANNING SUBAREA 4.2
  
Item 1970
Population, midyear 1,731,553
Per capita income (l967$) 3,487
Per capita income Rel. (U.S.=l.00) 1.00
Total employment 670,594
Total earnings 4,916,350 1
Agriculture, forestry and fisheries 191,347a :
Agriculture — i
Forestry and fisheries —
Mining 7 , 887d '
Metal -
Coa
l
_
Crude petroleum and natural gas -
Nonmetallic, except fuels —
Contract construction 308,830
Manufacturing 2,109,358
Food and kindred products —
Textile mill products -
Apparel and other fabric products —
Lumber products and furniture —
Paper and allied products —
Printing and publishing —
Chemicals and allied products -
Petroleum refining —
Primary metals -
Fabricated metals and ordnance —
Machinery, excluding electrical —
Electrical machinery and supplies —
Motor vehicles and equipment -
Transportation equip., excl. mtr. vehs. -
Other manufacturing —
Trans., comm. and public utilities 325,969
Wholesale and retail trade 755,067
Finance, insurance and real estate 158,132
Services 579,281
Government 455,445
Federal government 63,019
State and local government 375,301
Armed forces 17,118
a-represents 80.0 to 99.9 percent of the true value
d—represents 20.0 to 39.9 percent of the true value
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P
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S
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3
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a
h
i
g
h
l
y
p
o
p
u
l
a
t
e
d
,
h
i
g
h
i
n
d
u
s
t
r
i
a
l
i
z
e
d
,
h
i
g
h
l
y
p
o
l
l
u
t
e
d
p
o
r
t
i
o
n
o
f
t
h
e
L
a
k
e
E
r
i
e
d
r
a
i
n
a
g
e
b
a
s
i
n
.
I
t
s
e
c
o
n
o
m
i
c
b
o
u
n
d
a
r
y
e
n
c
o
m
p
a
s
s
e
s
e
i
g
h
t
c
o
u
n
t
i
e
s
l
o
c
a
t
e
d
i
n
n
o
r
t
h
e
a
s
t
e
r
n
O
h
i
o
.
H
y
d
r
o
—
1
o
g
i
c
a
1
1
y
,
s
u
b
a
r
e
a
d
r
a
i
n
a
g
e
i
n
c
l
u
d
e
s
f
i
v
e
m
a
j
o
r
c
o
m
p
l
e
x
e
s
c
o
v
e
r
i
n
g
n
e
a
r
l
y
t
w
o
m
i
l
l
i
o
n
a
c
r
e
s
.
I
n
g
e
n
e
r
a
l
,
a
l
l
d
r
a
i
n
a
g
e
f
l
o
w
s
i
n
a
n
o
r
t
h
e
r
l
y
d
i
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e
c
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o
n
a
n
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e
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Table 20
L
A
K
E
E
R
I
E
C
E
N
T
R
A
L
P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
4
.
3
 
D
r
a
i
n
a
g
e
A
r
e
a
P
o
p
u
l
a
t
i
o
n
1
9
6
0
1
9
7
0
S
q
u
a
r
e
K
i
l
o
m
e
t
e
r
s
8
,
4
2
5
T
o
t
a
l
2
,
8
2
5
,
4
1
7
3
,
0
9
8
,
0
4
8
S
q
u
a
r
e
M
i
l
e
s
3
,
2
5
3
F
a
r
m
3
3
,
9
0
0
2
1
,
8
2
8
N
o
n
-
F
a
r
m
2
,
7
9
1
,
5
1
7
3
,
0
7
6
,
2
2
0
States
O
h
i
o
9
5
.
1
%
P
e
n
n
s
y
l
v
a
n
i
a
4
.
9
%
S
M
S
A
S
A
k
r
o
n
6
0
5
,
3
6
7
6
7
9
,
2
3
9
E
g
g
g
l
u
i
i
e
z
n
d
w
a
t
e
r
A
r
e
a
(
g
g
g
y
g
g
g
e
s
)
C
l
e
v
e
l
a
n
d
1
,
9
0
9
,
4
8
3
2
,
0
6
4
,
1
9
4
9
9
'
__
'
3
w
a
t
e
r
A
r
e
a
2
3
’
6
0
0
L
o
r
a
i
n
E
l
y
r
i
a
2
1
7
,
5
0
0
2
5
6
,
8
4
L
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n
d
A
r
e
a
2
,
3
0
8
,
6
0
0
E
m
p
l
o
y
m
e
n
t
1
,
0
6
5
,
6
0
3
1
,
2
3
5
,
7
6
8
U
r
b
a
n
6
0
9
,
4
7
0
A
g
r
i
c
u
l
t
u
r
e
,
C
r
o
p
l
a
n
d
7
4
1
,
0
6
1
F
o
r
e
s
t
r
y
a
n
d
P
a
s
t
u
r
e
—
R
a
n
g
e
1
3
1
,
5
9
0
F
i
s
h
e
r
i
e
s
1
.
3
%
1
.
0
%
F
o
r
e
s
t
L
a
n
d
5
3
7
,
9
0
4
M
i
n
i
n
g
.
2
%
.
2
%
O
t
h
e
r
L
a
n
d
A
r
e
a
2
8
8
,
5
7
5
M
a
n
u
f
a
c
t
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r
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n
g
4
2
.
0
%
3
6
.
9
%
L
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k
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i
e
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r
5
6
°
5
4
6
1
'
9
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K
i
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t
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r
s
1
7
5
.
1
I
n
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m
e
(
1
9
6
7
s
)
M
i
l
e
s
1
0
8
.
8
T
o
t
a
l
P
e
r
s
o
n
a
l
I
n
c
o
m
e
1
1
,
9
6
2
,
5
0
2
,
C
P
e
r
C
a
p
i
t
a
I
n
c
o
m
e
3
,
8
4
8
T
o
C
o
n
v
e
r
t
F
r
o
m
T
o
M
u
l
t
i
p
l
y
B
y
A
c
r
e
s
(
a
c
r
e
)
H
e
c
t
a
r
e
s
(
h
a
)
0
.
4
0
5
L
a
n
d
R
e
s
o
u
r
c
e
s
T
o
p
o
g
r
a
p
h
y
a
n
d
G
e
o
l
o
g
y
M
i
l
l
i
o
n
s
o
f
y
e
a
r
s
a
g
o
,
t
h
i
s
a
r
e
a
w
a
s
u
n
d
e
r
w
a
t
e
r
.
P
a
l
e
o
z
o
i
c
s
e
d
i
m
e
n
t
a
r
y
b
e
d
r
o
c
k
,
c
o
m
p
o
s
e
d
l
a
r
g
e
l
y
o
f
l
i
m
e
s
t
o
n
e
w
i
t
h
o
v
e
r
l
y
i
n
g
s
a
n
d
s
t
O
I
a
n
d
s
h
a
l
e
w
a
s
f
o
r
m
e
d
i
n
t
h
i
s
i
n
l
a
n
d
s
e
a
.
T
h
e
s
e
d
i
m
e
n
t
s
s
l
o
p
e
g
e
n
t
l
y
f
r
o
m
w
e
s
t
t
o
e
a
s
t
a
c
r
o
s
s
t
h
e
s
u
b
a
r
e
a
.
W
h
e
n
t
h
e
w
a
t
e
r
d
i
s
a
p
p
e
a
r
e
d
,
e
r
0
3
1
0
1
c
u
t
d
e
e
p
v
a
l
l
e
y
s
i
n
t
o
t
h
e
l
e
s
s
r
e
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i
s
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n
t
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m
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i
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T
h
e
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k
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l
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LAKE ERIE CENTRAL PLANNING SUBAREA 4.3
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4.3
va
r
i
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f
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e
a
l
o
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g
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s
h
o
r
e
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u
t
f
a
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o
u
t
i
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L
o
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C
o
u
n
t
y
.
T
y
p
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f
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e
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e
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p
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e
a
l
s
o
p
r
e
s
e
n
t
.
T
h
e
s
e
so
il
s
a
r
e
p
o
o
r
l
y
d
r
a
i
n
e
d
,
a
c
i
d
an
d
m
e
d
i
u
m
to
h
i
g
h
in
n
a
t
u
r
a
l
f
e
r
t
i
l
i
t
y
.
L
a
r
g
e
i
n
p
u
t
s
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
,
l
i
m
e
a
n
d
f
e
r
t
i
l
i
z
e
r
a
r
e
n
e
c
e
s
s
a
r
y
f
o
r
m
a
x
i
m
u
m
c
r
o
p
y
e
i
l
d
s
.
E
r
o
s
i
o
n
is
a
s
e
r
i
o
u
s
h
a
z
a
r
d
b
e
c
a
u
s
e
of
t
h
e
h
i
g
h
e
r
o
d
a
b
i
l
i
t
y
of
t
h
e
s
o
i
l
a
n
d
p
r
e
s
e
n
t
c
o
n
s
t
r
u
c
t
i
o
n
p
r
a
c
t
i
c
e
s
w
h
i
c
h
o
f
t
e
n
l
e
a
v
e
s
t
h
e
s
o
i
l
b
a
r
e
f
o
r
l
o
n
g
p
e
r
i
o
d
s
.
S
o
u
t
h
of
t
h
e
s
o
i
l
s
f
o
r
m
e
d
i
n
t
h
e
g
l
a
c
i
a
l
L
a
k
e
E
r
i
e
s
e
d
i
m
e
n
t
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4.
3,
a
r
e
s
o
i
l
s
f
o
r
m
e
d
i
n
t
i
l
l
,
c
o
m
p
o
s
e
d
of
s
a
n
d
—
s
t
o
n
e
s
h
a
l
e
a
n
d
s
o
m
e
l
i
m
e
s
t
o
n
e
.
T
h
e
s
e
s
o
i
l
s
w
e
r
e
f
o
r
m
e
d
i
n
t
i
l
l
p
l
a
i
n
s
an
d
l
o
w
m
o
r
a
i
n
e
s
.
S
l
o
p
e
s
a
r
e
p
r
e
d
o
m
i
n
a
t
e
l
y
n
e
a
r
l
y
l
e
ve
l
to
g
e
n
t
l
y
r
o
l
l
i
n
g
w
i
t
h
s
o
m
e
s
t
e
e
p
a
r
e
a
s
.
T
e
x
t
u
r
e
s
a
r
e
p
r
e
d
o
m
i
n
a
t
e
l
y
m
e
d
i
u
m
w
i
t
h
s
m
a
l
l
a
r
e
a
s
o
f
m
o
d
e
r
a
t
e
l
y
f
i
n
e
a
n
d
m
o
d
e
r
a
t
e
l
y
c
o
a
r
s
e
t
e
x
t
u
r
e
o
c
c
u
r
i
n
g
t
h
r
o
u
g
h
o
u
t
t
h
e
a
r
e
a
.
S
o
i
l
a
s
s
o
c
i
a
t
i
o
n
s
a
r
e
s
h
o
w
n
o
n
F
i
g
u
r
e
19
.
M
o
s
t
of
t
h
e
s
o
i
l
s
a
r
e
i
n
n
e
e
d
of
a
r
t
i
f
i
c
a
l
d
r
a
i
n
a
g
e
f
r
o
m
m
a
x
i
m
u
m
c
r
o
p
y
i
e
l
d
s
.
E
r
o
s
i
o
n
is
a
s
e
r
i
o
us
p
r
o
b
l
e
m
on
al
l
s
l
o
p
i
n
g
a
r
e
a
s
b
e
c
a
u
s
e
of
th
e
m
e
d
i
u
m
an
d
mo
de
ra
te
ly
fi
ne
te
xt
ur
e
an
d
lo
w
pe
rm
ea
bi
li
ty
of
th
e
so
il
.
 
S
o
m
e
of
t
h
e
s
o
i
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
t
h
a
t
a
r
e
i
m
p
o
r
t
a
n
t
i
n
i
d
e
n
t
i
f
y
i
a
n
d
l
o
c
a
t
i
n
g
p
o
t
e
n
t
i
a
l
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
r
e
S
u
l
t
i
n
g
f
r
o
m
la
nd
us
e
a
c
t
i
v
i
t
e
are shown in Table 21.
Minerals
C
l
a
y
an
d
sh
al
e,
pe
at
,
p
e
t
r
o
l
e
u
m
a
n
d
n
a
t
u
r
a
l
ga
s,
sa
lt
,
sa
nd
an
d
gr
av
el
,
an
d
st
on
e
(
l
i
m
e
s
t
o
n
e
a
n
d
s
a
n
d
s
t
o
n
e
)
ar
e
p
r
o
d
u
c
e
d
in
th
e
e
i
g
h
t
O
h
i
o
c
o
u
n
t
i
e
s
w
h
i
c
h
c
o
m
p
r
i
s
e
P
l
a
n
n
i
n
g
S
ub
a
r
e
a
4.
3.
F
r
o
m
1
9
6
0
to
19
68
,
th
e
o
ut
p
an
d
v
a
l
u
e
of
sa
nd
a
n
d
gr
av
el
,
sa
lt
,
a
n
d
l
i
m
e
i
n
c
r
e
a
s
e
d
,
w
h
i
l
e
st
on
e,
pe
at
,
a
n
d
c
e
m
e
n
t
d
e
c
r
e
a
s
e
d
in
b
o
t
h
o
ut
p
ut
a
n
d
v
a
l
u
e
a
n
d
c
o
a
l
p
r
o
d
i
c
t
i
o
n
wa
s
d
i
s
c
o
n
t
i
n
ue
d
.
G
r
i
n
d
s
t
o
n
e
s
,
cl
ay
,
a
n
d
sh
al
e
d
e
c
r
e
a
s
e
d
in
o
ut
p
ut
an
d
in
cr
ea
se
d
in
va
lu
e
du
ri
ng
th
is
ti
me
.
A
t
o
t
a
l
of
10
3
n
o
n
m
e
t
a
l
l
i
c
m
i
n
e
r
a
l
o
p
e
r
a
t
i
o
n
s
w
e
r
e
a
c
t
i
v
e
in
19
68
.
Th
e
nu
mb
er
of
pr
od
uc
in
g
oi
l
an
d
ga
s
we
ll
s
in
th
e
su
ba
re
a
is
no
t
kn
ow
n.
Al
l
co
un
ti
es
ha
d
pr
od
uc
ti
on
fr
om
sa
nd
an
d
gr
av
el
pi
ts
an
d
ga
s
we
ll
s.
Sa
nd
st
on
e
qu
ar
ri
es
we
re
ac
ti
ve
in
5
co
un
ti
es
;
sa
lt
mi
ne
s,
sh
al
e
pi
ts
,
an
d
oi
l
we
ll
s
in
3
co
un
ti
es
ea
ch
;
pe
at
bo
gs
in
2
co
un
ti
es
;
an
d
a
li
me
st
on
e
qu
ar
ry
an
d
a
cl
ay
pi
t
in
l
c0
un
ty
ea
ch
.
Se
le
ct
ed
op
er
at
io
ns
ar
£
shown in Figure 20.
Lo
ca
li
ze
d
pr
ob
le
m
ha
ve
re
su
lt
ed
fr
om
ca
re
le
ss
pr
ac
ti
ce
s
in
th
e
ex
pl
or
in
g,
dr
il
li
ng
,
an
d
op
er
at
io
ns
of
we
ll
s
fo
r
oi
l,
ga
s,
an
d
br
in
e.
Im
pr
op
er
dr
il
li
ng
pr
oc
ed
ur
es
ha
ve
on
oc
ca
si
on
re
su
lt
ed
in
su
rf
ac
e
p
o
l
l
ut
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FA
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TO
R
ATU
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F
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g
ﬂ
m
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s
Oh
io
3
0
3
1
3
2
33
3
4
3
5
  
M
i
x
e
d
s
a
n
d
s
sa
nd
y
lo
am
l
o
a
m
y
s
a
n
d
a
n
d
s
a
n
d
N
e
a
r
l
y
le
ve
l
to
ge
nt
ly
sl
op
in
g
(0
—6
2
sl
op
e)
,
m
o
d
e
r
a
t
e
l
y
co
ar
se
to
co
ar
se
te
xt
ur
ed
,
we
ll
to
v
e
r
y
p
o
o
r
l
y
d
r
a
i
n
e
d
,
m
e
d
i
u
m
a
c
i
d
to
n
e
u
t
r
a
l
s
o
i
l
s
f
o
r
m
e
d
o
n
l
a
k
e
a
n
d
o
u
t
w
a
s
h
p
l
a
i
n
s
an
d
m
o
r
a
i
n
e
s
.
P
a
i
n
e
s
v
i
l
l
t
f
i
.
s
a
.
1
o
a
N
e
a
r
l
y
l
e
v
e
l
t
o
s
l
o
p
i
n
g
(
0
-
1
2
2
s
l
o
p
e
)
,
m
o
d
e
r
a
t
e
l
y
c
o
a
r
s
e
t
o
m
o
d
e
r
a
t
e
l
y
f
i
n
e
t
e
x
t
u
r
e
d
,
s
o
m
e
w
h
a
t
p
o
o
r
l
y
t
o
p
o
o
r
l
y
d
r
a
i
n
e
d
,
v
e
r
y
s
t
r
o
n
g
l
y
a
c
i
d
t
o
n
e
u
t
r
a
l
s
o
i
l
s
f
o
r
m
e
d
o
n
l
a
k
e
p
l
a
i
n
s
.
S
i
l
t
l
o
a
m
Z
a
n
e
a
d
e
a
C
a
n
a
d
i
c
e
s
i
.
c
l
.
l
o
a
m
N
e
a
r
l
y
l
e
v
e
l
t
o
g
e
n
t
l
y
s
l
o
p
i
n
g
(
0
—
6
2
s
l
o
p
e
)
,
R
u
g
g
l
e
s
f
i
.
s
a
.
l
o
a
m
m
o
d
e
r
a
t
e
l
y
c
o
a
r
s
e
t
o
m
e
d
i
u
m
t
e
x
t
u
r
e
d
,
m
o
d
e
r
a
t
e
l
y
w
e
l
l
t
o
v
e
r
y
p
o
o
r
l
y
d
r
a
i
n
e
d
,
v
e
r
y
s
t
r
o
n
g
l
ya
c
i
d
t
o
n
e
u
t
r
a
l
s
o
i
l
s
f
o
r
m
e
d
o
n
d
e
l
t
a
s
,
t
e
r
r
a
c
e
s
,
l
a
k
e
a
n
d
o
u
t
w
a
s
h
p
l
a
i
n
s
.
W
i
l
m
e
r
l
o
a
m
O
l
m
s
t
e
a
d
Al
li
s
s
a
n
d
y
l
o
a
m
N
e
a
r
l
y
l
e
v
e
l
to
g
e
n
t
l
y
s
l
o
p
i
n
g
(
0
-
6
1
s
l
o
p
e
)
,
s
i
l
t
l
o
a
m
m
e
d
i
u
m
t
o
f
i
n
e
t
e
x
t
u
r
e
d
,
s
o
m
e
w
h
a
t
p
o
o
r
l
y
t
o
p
o
o
r
l
y
d
r
a
i
n
e
d
,
s
l
i
g
h
t
l
y
t
o
v
e
r
y
s
t
r
o
n
g
l
y
a
c
i
d
s
o
i
l
s
f
o
r
m
e
d
o
n
l
a
k
e
a
n
d
t
i
l
l
p
l
a
i
n
s
a
n
d
m
o
r
a
i
n
e
s
.
H
i
c
k
l
i
f
f
e
s
i
l
t
y
c
l
a
y
F
r
i
e
s
s
i
.
c
l
.
l
o
a
m
N
e
a
r
l
y
l
e
v
e
l
(
0
—
2
2
s
l
o
p
e
)
,
m
o
d
e
r
a
t
e
l
y
f
i
n
e
L
o
r
a
i
n
s
i
.
c
l
.
l
o
a
m
t
e
x
t
u
r
e
d
,
v
e
r
y
p
o
o
r
l
y
d
r
a
i
n
e
d
,
s
t
r
o
n
g
l
y
a
c
i
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P
n
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i
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l
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S
i
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C
I
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l
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N
e
a
r
l
y
l
e
v
e
l
t
o
s
l
o
p
i
n
g
(
0
-
1
2
1
s
l
o
p
e
)
,
m
e
d
i
u
m
P
l
a
t
e
a
s
i
l
t
l
o
a
m
t
e
x
t
u
r
e
d
,
s
o
m
e
w
h
a
t
p
o
o
r
l
y
a
n
d
p
o
o
r
l
y
d
r
a
i
n
e
d
,
v
e
r
y
s
t
r
o
n
g
l
y
a
c
i
d
t
o
n
e
u
t
r
a
l
s
o
i
l
s
f
o
r
m
e
d
o
n
t
i
l
l
p
l
a
i
n
s
a
n
d
m
o
r
a
i
n
e
s
.
F
r
e
n
c
h
t
o
w
n
s
i
l
t
l
o
a
m
S
h
e
f
f
i
e
l
d
s
i
l
t
l
o
a
m
Ne
ar
ly
le
ve
l
to
mo
de
ra
te
ly
st
ee
p
(0
—1
82
sl
op
e)
,
Ca
mb
ri
dg
e
si
lt
lo
am
me
di
um
te
xt
ur
ed
,
mo
de
ra
te
ly
we
ll
to
po
or
ly
dr
in
ae
d,
ve
ry
st
ro
ng
ly
ac
id
to
ne
ut
ra
l
so
il
s
fo
rm
ed
on
ti
ll
pl
ai
ns
an
d
mo
ra
in
es
.
Ve
na
ng
o
si
lt
lo
am
ﬁr
en
ch
to
wn
si
lt
lo
am
  
sa
nd
y
lo
am
lo
am
y
sa
nd
a
n
d
s
a
n
d
f
i
.
s
a
.
l
o
a
s
i
.
c
l
.
l
o
a
m
s
i
l
t
y
c
l
a
y
l
o
a
m
s
a
.
c
l
.
l
o
a
m
s
a
.
c
l
.
l
o
a
m
s
i
l
t
l
o
a
m
c
l
a
y
c
l
a
y
si
lt
y
cl
ay
s
i
.
c
1
.
l
o
a
s
i
.
c
l
.
l
o
a
l
o
a
m
s
i
l
t
l
o
a
m
si
lt
l
o
a
m
lo
am
l
o
a
m
  
cl
ay
or
s
a
n
d
cl
ay
si
.c
l.
lo
am
s
i
l
t
y
c
l
a
y
s
a
n
d
,
l
o
a
m
an
d
si
lt
sa
nd
y
lo
a
s
a
.
c
l
.
l
o
a
m
sh
al
e
b
e
d
r
o
c
k
sha
le
b
e
d
r
o
c
k
sh
al
e
b
e
d
r
o
c
k
c
l
a
y
s
i
l
t
y
c
l
a
)
s
i
l
t
l
o
a
m
l
o
a
m
s
i
l
t
l
o
a
m
s
i
l
t
l
o
a
m
lo
am
l
o
a
m
w
e
l
l
to
0
v
e
r
y
p
o
o
r
l
y
so
me
wh
at
so
me
wh
at
p
o
o
r
l
y
mo
d.
we
ll
p
o
o
r
l
y
to
p
o
o
r
l
y
p
o
o
r
l
y
m
o
d
.
so
me
wh
at
po
or
ly
 
p
o
o
r
l
y
po
or
ly
so
me
wh
at
po
or
ly
v
e
r
y
p
o
o
r
l
y
s
o
m
e
w
h
a
t
p
o
o
r
l
y
v
e
r
y
p
o
o
r
l
y
v
e
r
y
p
o
o
r
l
y
s
o
m
e
w
h
a
t
po
or
ly
p
o
o
r
l
y
po
or
ly
we
ll
(
po
or
ly
 
0
.
0
6
-
0
.
6
0
.
0
6
—
0
.
2
0
.
6
-
2
.
0
0
.
6
-
2
.
0
0.
06
-0
.2
(
0
.
0
6
(0
.0
6
0
.
0
6
—
0
.
2
0
.
0
6
-
0
.
2
0
.
0
6
—
0
.
2
(0
.0
6
(0.
06
(0.
06
.
0
6
-
1
0
.
0
(
0
.
0
6
(0.
06
(
0
.
0
6
0.
06
0
.
0
8
-
0
.
2
0
.
0
8
-
0
.
2
 
0.
04
-0
.1
6
0
.
1
2
—
0
.
2
2
0
.
1
2
—
0
.
2
1
0
.
1
2
-
0
.
2
1
0
.
0
8
—
0
.
1
8
0
.
0
8
—
0
.
2
2
0
.
0
6
—
0
.
1
6
0
.
1
0
—
0
.
2
2
0
.
1
0
-
0
.
2
2
0
.
1
0
-
0
.
2
1
0
.
1
0
-
0
.
1
9
0
.
1
0
—
0
.
1
9
0
.
0
8
—
0
.
2
0.
06
-O
.2
0.
06
-0
.2
0
.
0
8
—
0
.
2
 
0.1
7—
.
3
2
.49
.
3
2
.2
8
.
3
7
.43
.4
3
.4
3
.4
3
.4
3
.3
7
.3
7
.3
7
.3
7
.3
7
l
o
w
t
o
me
di
um
me
di
um
lo
w
lo
w
hi
gh
me
di
um
h
i
g
h
m
e
d
i
u
m
m
e
d
i
u
m
m
e
d
i
u
m
m
e
d
i
u
m
hi
gh
2
/
me
di
um
fr
ag
ip
an
—
F
r
a
g
i
p
a
n
Z
/
fr
ag
ip
an
zl
m
e
d
i
u
m
me
di
um
f
r
a
g
i
p
a
n
g
/
tr
ig
ip
an
g/
F
r
a
g
i
p
a
n
g
l
m
e
d
i
u
m
me
di
um
m
e
d
i
u
m
    
La LC LL
" LaUllL '0-
 
SOIL
ASSOCI—
ATION
NUMBER
SOIL ASSOCIATION DESCRIPTION
MAJOR
SOIL
SERIES
80
1
L TEXTURE
 
TOP
SOIL
SUB
SOIL
SUB
STRATA
NATURAL
SOIL
pRAINAGE
PERNE-
ABILITY
0F imST
RESTRICT-
ED
LAYER
in./hr.
AVAILABLE
WATER
CAPACITYII
in,/ln.—
(K)
FAC-
TOR
NATURAL
FER—
TILITY
REMARKS
3
6
37
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Ohio (continued)
Nearly level to gently
sloping (0-61 slope),
medium to moderately fine textured, somewhat
poorly and poorly drained, very strongly to
slightly acid soils for
med on till plains and
moraines.
Nearly level to sloping (0-122 slope), medium
textured, moderately well and somewhat poorly
drained, strongly acid to neutral soils
formed on till plains and moraines.
Nearly level to moderately steep (0—182 slope),
medium textured, well to somewhat poorly drained,
very strongly acid to neutral soils formed on
till plains and moraines.
Nearly level to steep (0—252 slope), medium
textured, well drained, very strongly acid to
neutral soils formed on moraines, till and
outwash plains, kames and eskers.
Nearly level to steep (0—251 slope), medium
textured, well and somewhat poorly drained,
very strongly to slightly acid soils formed
on till plains and moraines.
Nearly level to gently sloping (0—62 slope),
medium textured, well to very poorly_drained,
strongly acid to neutral soils formed on flood
plains.
Nearly leVel to moderately steep (0-182 slope),
medium textured, well and somewhat poorly
drained, very strongly acid to neutral soils
formed on outwash plains, kames, eskers and
terraces.
Maho
ning
Trumbull
Ellsworth
Maho
ning
Wooster
Rittman
Wadsworth
Wooster
Chili
Canfield
Wooster
Canfield
Ravenna
Chagrin
Lobdell
wheeling
Chi
li
Weinbach
 
Papakatingsilt
.silt
loam
si.c1
.loam
silt
silt
loam
lo
am
loam
silt loam
silt loam
lo
am
loam
silt loam
loam
silt
silt
loam
loam
silt
silt
10am
loam
lo
am
silt
loam
loam
silt
loan
 
silty clay
cl
ay
silty clay
silty clay
lo
am
clay loam
si.cl.loam
loam
sa.cl
.loam
loam
loam
loam
loam
silt loam
silt loam
si.cl.loam
si.cl.loam
sa.c1
.loam
si.cl
.loaJ
  
clay loam
si.cl.1oam
clay
loam
clay loam
Loam
clay loam
si.cl.loam
loam
gravel &
sa
nd
lo
am
loam
loam
loam
silt loam
sandy loa
si.cl.1oa
sand &
gravel
san
d 5
gravel
si.cl.loam
somewhat
poorly
poorly
mod. well
somewhat
poorly
well
mod. well
to well
somewhat
poorly
well
well
well
well
well
somewhat
poorly
well
mod. well
very poorly
to p
oorl
y
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somewhat
poorly
 
0.06-0.2
p.06—o.2
0.06—0.2
0.06-0.2
0.2-0.6
0.06—0.2
0.06
—0.2
0.2-0.6
0.6
-2.
0
0.06-0.2
0.2
—0.
6
0.06-0.2
0.06—0.2
0.6-2.0
0.6
-2.
0
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-0.2
0.5-2.0
0.6-2.0
(0.
06
 
0.12—0.20
0.08—0.20
0.08
-0.2
2
0.12-0.20
0.8-0.21
0.08-0.2
0.06
-0.2
2
0.8—0.21
0.08—0.14
0.7-
0.22
0.8—0.21
0.7—
0.22
0.06
—0.2
1
0.10—0.19
0.10-0.19
0.11-0.22
0.4-0.18
0.08-0.14
0.
06
—0
.2
1
 
.49
.
4
9
.49
.49
.32
.37
.3
7
.32
.2
4
.3
2
.3
2
.32
.37
.43
.37
.43
.3
2
.24
.43
 
medium
medium
medium
med
ium
medium
medium
medium
high
medium
high
high
high
high
high
high
hi
gh
high
medium
high
 
{ragipanzl
fragipanZ/
fragipanz/
{ragipangl
fragipangl
fragipangl
2
/
frag
ipan
—
Fragipangl
Fragipang/
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Pennsylvania (continued)
   
TM Nearly level to s
loping (0—122 slope),
medium Trumbull
to moderately fine text
ured, somewhat poorly
Hahoning 811C loam
silty Clay
to very poorly drained, neutral to very
strongly acid soils formed on lake and till
plains and moraines.
si.c1.loam clay si.c1.loan poorly 0.06~0.2 0.08—0.2 .43
clay loam somewhat 0.06—0.2C 0.12—0.20 .b9
poorly
V medium
med ium
Miner si.cl.loam
silty clay si.c1.loan
 
very poorly 0.06—0.2 0
.10—0.22 .43 medium
          
To Convert From
To
1/ Expressed as a ratio - same in metric form
__
Multiply By
Inches (in)
Centimeters (cm)
3/ Fragipan - A loamy subsurface layer with
restricted permeability
2.54
 
 from salt water spills, and unplugged seismic shot holes are believed to
have allowed salt water to contaminate ground water. Such incidents on lat
particularly during the early days of the petroleum industry, have
caused public concern over the more recent offshore drilling activities
in Lake Erie. The matter remains the subject of considerable controversy
in Pennsylvania, New York, and Ontario, Canada as well as in this portion c
Ohio.
Water Resources
Surface Water ﬁydrology
 
The streams of Planning Subarea 4.3 are typically short (160
kilometers [100 miles] or less) with low average discharges and low
gradients. Average annual stream flow varies from 28 to 46 centimeters (1]
to 15 inches) across the area. The major river systems are the Black—Rock)
Complex, the Cuyahoga River, and the Grand River. Following is Table 22
showing the flow characteristics of selected stations in the area. Floods
do occur frequently in several of the subarea streams. Major problems
causing degradation of these surface waters are siltation and the
accumulation of assorted pollutants from rural areas in streams which
ultimately reach Lake Erie. Additional degradation of the water resource
results from industrial and minicipal waste discharges found throughout
their lengths. Contamination is most severe at the mouths of subarea
streams.
; There are relatively few inland lakes in this subarea. Total
j acreage for the lakes is over 6,880 hectares (17,000 acres). Existing
* reservoir sites (three) add another 1,200 hectares (3,000 acres) of
surface water for the planning subarea.
  
Table 22
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
Monthiy Mean Annual New
Discharge Discharge
Period Drainage
Station Stream and of Area DiSCharge Haximum Minimal Maximum Min
No. 1‘ _Sgation Record (sq mi) (cfa) gcfa) (ere) (cfs) Ag
Planning Subarea 6.3
2005 Black River at 19105-72 396 301. 1,830 2.3 /:80 l
Elyria, Ohio
2015 Rocky Rivernear 1925—72 267 252 1,100 1.2 1:18
Berea, Ohio
2060 Cuyahoga liver et 1922~72 60!» 1.01; 1,807 47 669 1
01d Portage, Ohio
2080 Cuyahoga River at 1922—72 707 752 3,585 51 1.173 2
Independence. Ohio
2090 Chagrin River at 1925—72 246 315 1,412 19 1:51 1
Hilloughby, Ohio
2115 Hill Cr. near 1962—72 82 106 1481 0.0 159
Jefferson, Ohio
2120 Grand River near 1923-72 581 65/. 3,600 2.7 1.080 3
Madison, (Ilia
2125 Aahtebula River near 1925—72 121 169 766 0.0 210
Ashtabule, Ohio
2130 Conneaut 01'. et 1923—72 175 252 1,050 2.8 367 1
Conneeut. Ohio
To Convert Pro- 1! Hang: 5!
Square Knee (eq Ii) Square Kilo-etc" (eq In) 2.59
Cubic Pee: Per Second (ch) Cubic Hetero Per Second (cue) 0.028
62
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Ground Water
Low—yielding aquifers characterize much of Planning Subarea 4;
Except for a few areas of thick sediments and in the sandstone aquifer
area, the aquifers are capable of yielding only 4 to 12 liters per minuu
(l~3 gallons per minute) to wells. The preponderance of shale formation:
limits the occurrence of bedrock aquifers and the glacial-drift cover
prinicpally consists of clay-rich till. The upper Cuyahoga watershed
has the better ground water potential.
The mineral content of the water at relatively shallow depths
in the bedrock causes problems. Generally, the salinity of bedrock
aquifers increases toward the south. Oil and gas seeps are common in
Pennsylvania and indicate that fresh-water bedrock aquifers may not be
present, especially near Lake Erie. In many areas along Lake Erie, pota]
ground water sources have been contaminated by salt water and oil leaking
from improperly abandoned oil and gas test holes. Iron and manganese ar¢
present in most aquifer waters, causing particular trouble with well-scre
incrustation in the Akron area.
Water-level hydrographs do not show any long—term level decline
Some show responses to pumpage increases or to reduction of pumpage. The
better potential for obtaining good-quality water and large well yields
lies in the unconsolidated aquifers.
Table 23
GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 4.3
(Stratigraphy only carried down to lowermost major aquifer)
(9}
Major aquifers
Thick- Hull 1 Well 2
Era System Group Formation ness yields depth. Remarks
Ur.) (3pm) (ft.)
        
      
 
 
   
  
Cenozoic Quaternary Sand, grave in drift.
Paleozoic
 
Mississippian
50-100
Pennsylvania
Cenozoic IQuacernary I I I 0-150 l 50-200 1 15-150 [Sand. gravel in drift,
1 Range 1: that of typical high-Capacity velll.
2 Range is the: of all walla.
To Convert From To Multiply By
Feet (ft) Meters (m) 0.3048
Gallons (gal) Liters (1) 3.785
64
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Vegetation Zones and Wildlife Habitat
’ In the northeast quarter of Ohio, a definite change in habitat
occurs when compared to Planning Subarea 4.2. A greater diversity of
cover types exists here and the impact of agriculture is leSs intense.
Unlike the northwest portion of the state, large marshes do not exist
and waterfowl habitat is scattered.
The forest cover in this area has not been appreciably reduced
in recent years, but the age of timber stands is younger. Therefore,
the value for white-tailed deer and other woodland game has increased.
Northeast Ohio has medium deer and ruffed grouse densities.
igh
 
Change in ownership of non-urban land from agricultural to other
private interestshas resulted in many farms reverting to early
successional stages of grown—up fields. This is occurring on a broad
scale here as elsewhere in the lower tier of basin planning subareas
and has greatly improved upland game habitat. However, the decline
in crop production has hurt the productivity of habitat from some
seed—eating species, resulting in the decline of the ring-necked
pheasant and bobwhite quail.
l
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The most serious wildlife problem in Planning Subarea 4.3 is that of
a diminishing resource base. This is due mostly to the presence of the
largest city in Ohio and the third largest in the Basin, Cleveland.
In addition to this large urban area there are many small towns, all
of which contribute to the urban character of the planning subarea.
In fact only one county, Ashtabula, still retains rural characteristics.
Agai
n, a
s in
Plan
ning
Suba
rea
4.1
and
4.2,
as p
opul
atio
n de
nsit
y in
crea
ses
wildlife habitat is lost.
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Demographic and Economic Characteristics
Population
In 1970 over 3.1 million people resided in Planning Subarea
4.3. Cleveland and Akron sustain the highest populations, while their
satellite communities make up thebulk of the remaining total. High
population densities exist in Cuyahoga and Summit counties as well as
the adjacent shoreline counties.
Populations continue to increase in areas surrounding the
Cleveland—Akron complexes and along the Lake Erie shore. In 1970, 90 percent
of the subarea residents were classified as urban. High rates of popu—
lation change between l960 and 1970 took place in Lake, Geauga, and
Medina counties.
Resource Use and Development
 
Employment in 1970 was 1,240,000, almost 11 percent of total
Basin employment. The manufacturing sector employed 451,000 workers
for 37 percent of all employment. The percent of employment in
manufacturing was well above the national average of 25 percent and
somewhat above the regional average of 35 percent. Primary metals
alone acc0unted for over 5 percent of all employment in the subarea.
Steel production in greater Cleveland and rubber tire production in
Akron are major industrial activities. Transportation equipment and
mach
iner
y ma
nufa
ctur
ing
are
also
majo
r c
ontr
ibut
ors
to p
rodu
ctio
n va
lues
.
Agriculture and mining employment has been relatively insignificant,
involving only 1 percent of the total working force in 1970. Professional
and
comm
erci
al
serv
ices
are
conc
entr
ated
larg
ely
in m
ajor
urba
n ce
nter
s
and along Lake Erie, employing approximately 40 percent of the total
working force.
Tab
les
25,
26,
and
27
des
cri
be
eco
nom
ic
and
dem
ogr
aph
ic
characteristics of the area.
Table 25
(10)
POPULATION DATA BY COUNTY
lode! Parent Land
MAL MUTE“ Ur.“ m Are. 5‘.
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Table 27
POPULATION,
EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY IN 1970
PLANNING SUBAREA 4.3(11)
Item
1970
Population,
midyear
3,108,981
Per capita income (l967$) 3,848
Per capita income Rel. (U.S.=1.00) 1.11
Total
employment
1,235,768
Employment/population ratio ,40
Total personal income
11,962,502
Total earnings 9,997,823
Agriculture, forestry and fisheries 38,7953
Agriculture _
Forestry and fisheries _ i
Mining
17,429a
Metal
-
Coal _
Crude petroleum and natural gas —
Nonmetallic, except fuels -
Contract construction 616,201
Manufacturing 4,130,888
Food and kindred products —
Textile mill products -
Apparel and other fabric products -
Lumber products and furniture -
Paper and allied products -
Printing and publishing -
Chemicals and allied products -
Petroleum refining
Primary metals
Fabricated metals and ordnance
Machinery, excluding electrical
Electrical machinery and supplies
*Motor vehicles and equipment
Transportation equip., excl. mtr. vehs.
Other manufacturing
Trans., comm. and public utilities 689,083
Wholesale and retail trade
1,659,216
Finance, insurance and real estate 411,387
Services 1,390,722
Government
’
4
V
‘
1,037,114
Federal Government ' ' 254,846
State and local government » 748,991
Armed forces 33,278
a-represents 80.0 to 99.9 percent of the true value
7i l
 
 P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
4
.
4
T
h
i
s
a
r
e
a
l
i
e
s
a
t
t
h
e
n
o
r
t
h
e
a
s
t
e
r
n
e
n
d
o
f
t
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
a
n
d
i
n
c
l
u
d
e
s
p
a
r
t
o
f
t
h
e
a
r
e
a
d
r
a
i
n
i
n
g
i
n
t
o
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
t
o
a
p
p
r
o
x
i
m
a
t
e
l
y
t
h
e
l
o
w
e
r
e
n
d
o
f
G
r
a
n
d
I
s
l
a
n
d
.
I
t
c
o
n
s
i
s
t
s
o
f
f
o
u
r
c
o
u
n
t
i
e
s
i
n
w
e
s
t
e
r
n
N
e
w
Y
o
r
k
S
t
a
t
e
a
n
d
o
n
e
c
o
u
n
t
y
i
n
n
o
r
t
h
w
e
s
t
e
r
n
P
e
n
n
s
y
l
v
a
n
i
a
.
P
o
p
u
l
a
t
i
o
n
i
s
l
a
r
g
e
l
y
c
o
n
c
e
n
t
r
a
t
e
d
i
n
t
h
e
E
r
i
e
,
P
e
n
n
s
y
l
v
a
n
i
a
,
a
n
d
B
u
f
f
a
l
o
,
N
e
w
Y
o
r
k
,
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
s
.
F
i
g
u
r
e
2
4
s
h
o
w
s
t
h
e
a
r
e
a
l
e
x
t
e
n
t
o
f
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
,
a
n
d
T
a
b
l
e
2
8
p
r
o
v
i
d
e
s
p
e
r
t
i
n
e
n
t
i
n
f
o
r
m
a
t
i
o
n
a
b
o
u
t
t
h
e
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
.
Table 28
L
A
K
E
E
R
I
E
E
A
S
T
P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
4
.
4
 
D
r
a
i
n
a
g
e
A
r
e
a
P
o
p
u
l
a
t
i
o
n
1
9
6
0
1
9
7
0
S
q
u
a
r
e
K
i
l
o
m
e
t
e
r
s
6
,
8
3
8
T
o
t
a
l
1
,
7
8
3
,
2
0
3
1
,
8
4
1
,
8
3
6
S
q
u
a
r
e
M
i
l
e
s
2
,
6
4
0
F
a
r
m
4
8
,
1
9
7
3
3
,
0
1
7
N
o
n
-
F
a
r
m
1
,
7
3
5
,
0
0
6
1
,
8
0
8
,
8
1
9
States
e
n
s
1
v
a
n
i
a
1
3
.
2
%
ﬁ
e
:
Y
Z
r
k
8
6
.
8
%
S
M
S
A
S
B
u
f
f
a
l
o
1
,
3
0
6
,
9
5
7
1
,
3
4
9
,
2
1
1
L
a
n
d
U
s
e
a
n
d
W
a
t
e
r
A
r
e
a
(
1
9
7
0
)
(
a
c
r
e
s
)
E
r
l
e
2
5
0
’
6
8
2
2
6
3
’
6
5
4
T
o
t
a
l
A
r
e
a
3
,
1
1
3
,
0
0
0
E
m
p
l
o
y
m
e
n
t
6
4
7
,
1
7
7
7
0
1
,
1
8
4
W
a
t
e
r
A
r
e
a
4
3
,
1
0
0
A
g
r
i
c
u
l
t
u
r
e
L
a
n
d
A
r
e
a
3
,
0
6
9
,
9
0
0
F
o
r
e
s
t
r
y
a
n
d
U
r
b
a
n
4
8
5
,
0
4
4
F
i
s
h
e
r
i
e
s
2
.
3
%
1
.
6
%
C
r
o
p
l
a
n
d
8
5
9
,
5
7
2
M
i
n
i
n
g
.
1
%
.
1
%
P
a
s
t
u
r
e
—
R
a
n
g
e
2
5
1
,
7
3
2
M
a
n
u
f
a
c
t
u
r
i
n
g
3
9
.
6
%
3
4
.
5
%
F
o
r
e
s
t
L
a
n
d
1
,
3
6
3
,
0
3
6
O
t
h
e
r
5
8
.
0
%
6
3
.
8
%
O
t
h
e
r
L
a
n
d
A
r
e
a
1
1
0
,
5
1
6
I
n
c
o
m
e
(
1
9
6
7
s
)
L
a
k
e
E
r
i
e
S
h
o
r
e
l
i
n
e
T
o
t
a
l
P
e
r
s
o
n
a
l
I
n
c
o
m
e
6
,
4
0
7
,
8
6
3
,
0
K
i
l
o
m
e
t
e
r
s
1
1
5
.
2
P
e
r
C
a
p
i
t
a
I
n
c
o
m
e
4
,
4
7
2
M
i
l
e
s
1
8
5
.
4
T
o
C
o
n
v
e
r
t
F
r
o
m
T
o
M
u
l
t
i
p
l
y
B
y
A
c
r
e
s
(
a
c
r
e
)
H
e
c
t
a
r
e
s
(
h
a
)
0
.
4
0
5
Land Resources
T
o
p
o
g
r
a
p
h
y
a
n
d
G
e
o
l
o
g
y
G
e
o
l
o
g
i
c
a
l
l
y
,
t
h
e
e
n
t
i
r
e
s
u
b
a
r
e
a
i
s
u
n
d
e
r
l
a
i
n
b
y
s
e
d
i
m
e
n
t
a
r
y
r
o
c
k
:
s
a
n
d
s
t
o
n
e
,
s
h
a
l
e
,
l
i
m
e
s
t
o
n
e
,
a
n
d
d
o
l
o
m
i
t
e
.
T
h
e
s
e
d
i
m
e
n
t
a
r
y
f
o
r
m
a
t
i
o
n
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
r
a
n
g
e
u
p
w
a
r
d
f
r
o
m
t
h
e
C
a
m
b
r
i
a
n
to
t
h
e
D
e
v
o
n
i
a
n
s
y
s
t
e
m
s
of
P
a
l
e
o
z
o
i
c
a
g
e
.
S
t
r
u
c
t
u
r
a
l
l
y
,
t
h
e
b
e
d
s
d
i
p
a
n
d
t
h
i
c
k
e
n
a
c
r
o
s
s
t
h
e
s
u
b
a
r
e
a
f
r
o
m
n
o
r
t
h
to
s
o
u
t
h
.
O
v
e
r
-
l
y
i
n
g
m
o
s
t
of
t
h
e
b
e
d
r
o
c
k
f
o
r
m
a
t
i
o
n
s
a
r
e
u
n
c
o
n
s
o
l
i
d
a
t
e
d
Q
u
a
t
e
r
n
a
r
y
s
e
d
i
m
e
n
t
s
o
f
g
l
a
c
i
a
l
o
r
i
g
i
n
.
72
 O
H
I
O
P
E
N
LAKE CMVEARKD
:- NIAGARA
i.
g“
/
—
@
L
.
“
W
- ' Nil L aFa s
7'9
éékmw
+—\
)
j’
.,
L
a
n
n
a
:
Q
a
/
oF-’e ./?
ot‘fhé‘h‘g EastAur a €626 c“
4
6
°
'
C.
‘
4
cv
. Hamburg K
/
W
‘
3
-
(
/
\
/
Cr.
  
E
‘\
,
—
”
\ \ :prﬁvim Clﬂ‘w.
*
&
Dun
kir
k
ER
IE
CA
TT
AR
AU
GU
S
oFrodnnil
2.
ﬁ
/
\
P
\¥
§§
//
\\
Pruquc Island
\/
ERIE
/
/'J
Geig/ \J
o 1916
\
v
/
o Sal-mama
  
.1 l >-
5
I
5
©
J
a
m
e
s
t
o
w
n
.
0
m
m
2 1 Z
3'
!
i
.
-
.
C
H
A
U
T
A
U
Q
U
A
N
E
W
Y
O
R
K
C
A
T
T
A
R
A
U
G
U
S
_
_
r
P
E
N
N
S
Y
L
V
A
N
I
A
0 Carry
- Union City I
F
i
g
u
r
e
2
4
L
A
K
E
E
R
I
E
E
A
S
T
-
P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
4
.
4
 
  
 
  
—
-
—
R
i
v
e
r
B
a
s
i
n
G
r
o
u
p
(
R
B
G
)
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
(
P
S
A
)
VICINITY MAP
SCALE IN MILES
==
0 50 mo
 
SCALE IN MILES
0 5 10 15 20
73
4.4
  
  
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
c
a
n
b
e
d
i
v
i
d
e
d
i
n
t
o
t
w
o
t
o
p
o
g
r
a
p
h
i
c
a
r
e
a
s
:
t
h
e
L
a
k
e
P
l
a
i
n
;
a
n
d
t
h
e
U
p
l
a
n
d
P
l
a
t
e
a
u
.
T
h
e
L
a
k
e
P
l
a
i
n
i
s
r
e
l
a
t
i
v
e
l
y
f
l
a
t
e
x
c
e
p
t
f
o
r
r
i
s
e
s
u
p
o
n
t
o
f
o
r
m
e
r
b
e
a
c
h
e
s
c
r
e
a
t
e
d
b
y
h
i
g
h
e
r
l
e
v
e
l
s
o
f
L
a
k
e
E
r
i
e
.
E
l
e
v
a
t
i
o
n
v
a
r
i
e
s
b
e
t
w
e
e
n
3
0
0
a
n
d
9
0
0
m
e
t
e
r
s
(
1
,
0
0
0
a
n
d
3
,
0
0
0
f
e
e
t
)
.
T
h
e
d
r
a
i
n
a
g
e
o
f
t
h
e
s
u
b
a
r
e
a
i
s
g
e
n
e
r
a
l
l
y
f
r
o
m
s
o
u
t
h
e
a
s
t
t
o
n
o
r
t
h
w
e
s
t
,
t
h
e
s
t
r
e
a
m
s
r
i
s
i
n
g
i
n
t
h
e
U
p
l
a
n
d
P
l
a
t
e
a
u
a
n
d
e
m
p
t
y
i
n
g
i
n
t
o
L
a
k
e
E
r
i
e
o
r
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
.
S
o
i
l
s
a
n
d
T
o
p
o
g
r
a
p
h
y
(
7
)
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
c
o
n
s
i
s
t
s
o
f
t
w
o
m
a
j
o
r
s
o
i
l
r
e
g
i
o
n
s
,
t
h
e
E
r
i
e
-
O
n
t
a
r
i
o
P
l
a
i
n
a
n
d
t
h
e
A
l
l
e
g
h
e
n
y
P
l
a
t
e
a
u
.
T
h
e
E
r
i
e
—
O
n
t
a
r
i
o
P
l
a
i
n
o
c
c
u
p
i
e
s
t
h
e
n
o
r
t
h
e
r
n
p
a
r
t
o
f
S
u
b
a
r
e
a
4
.
4
a
n
d
b
o
r
d
e
r
s
L
a
k
e
E
r
i
e
a
n
d
L
a
k
e
O
n
t
a
r
i
o
.
T
h
e
s
o
i
l
s
h
a
v
e
f
o
r
m
e
d
o
n
g
l
a
c
i
a
l
l
a
k
e
s
e
d
i
m
e
n
t
s
.
T
h
e
y
a
r
e
p
r
e
d
o
m
i
n
a
t
e
l
y
m
e
d
i
u
m
t
e
x
t
u
r
e
d
w
i
t
h
l
o
c
a
l
a
r
e
a
s
o
f
c
o
a
r
s
e
a
n
d
f
i
n
e
t
e
x
t
u
r
e
d
s
o
i
l
s
.
A
r
t
i
f
i
c
i
a
l
d
r
a
i
n
a
g
e
i
s
o
f
t
e
n
n
e
c
e
s
s
a
r
y
,
a
s
w
e
l
l
a
s
l
i
m
e
a
n
d
f
e
r
t
i
l
i
z
e
r
,
t
o
o
b
t
a
i
n
m
a
x
i
m
u
m
c
r
o
p
y
i
e
l
d
s
.
E
r
o
s
i
o
n
i
s
a
s
e
r
i
o
u
s
p
r
o
b
l
e
m
o
v
e
r
m
o
s
t
o
f
t
h
e
a
r
e
a
b
e
c
a
u
s
e
o
f
h
i
g
h
s
o
i
l
e
r
o
d
i
b
i
l
i
t
y
.
T
h
e
s
o
u
t
h
e
r
n
t
w
o
t
h
i
r
d
s
o
f
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
i
s
w
i
t
h
i
n
t
h
e
A
l
l
e
g
h
e
n
y
P
l
a
t
e
a
u
.
A
l
o
n
g
t
h
e
b
o
r
d
e
r
o
f
t
h
e
E
r
i
e
-
O
n
t
a
r
i
o
P
l
a
i
n
,
a
l
t
h
o
u
g
h
t
h
e
d
i
f
f
e
r
e
n
c
e
i
n
r
e
l
i
e
f
i
s
s
e
v
e
r
a
l
h
u
n
d
r
e
d
f
e
e
t
,
t
h
e
h
i
l
l
s
a
r
e
s
m
o
o
t
h
l
y
s
l
o
p
i
n
g
,
r
a
n
g
i
n
g
f
r
o
m
g
e
n
t
l
y
s
l
o
p
i
n
g
t
o
s
t
e
e
p
.
T
h
e
s
o
i
l
s
a
r
e
d
o
m
i
n
a
n
t
l
y
m
e
d
i
u
m
t
e
x
t
u
r
e
d
,
w
i
t
h
l
o
c
a
l
a
r
e
a
s
o
f
c
o
a
r
s
e
t
o
f
i
n
e
t
e
x
t
u
r
e
.
S
o
i
l
a
s
s
o
c
i
a
t
i
o
n
s
a
r
e
s
h
o
w
n
o
n
F
i
g
u
r
e
2
5
.
D
r
a
i
n
a
g
e
i
s
n
o
t
a
p
r
o
b
l
e
m
h
e
r
e
a
s
i
t
i
s
i
n
t
h
e
E
r
i
e
-
O
n
t
a
r
i
o
P
l
a
i
n
,
a
l
t
h
o
u
g
h
s
o
m
e
a
r
e
a
s
r
e
q
u
i
r
e
d
r
a
i
n
a
g
e
f
o
r
m
a
x
i
m
u
m
c
r
o
p
y
e
i
l
d
s
.
T
h
e
s
o
i
l
s
i
n
t
h
i
s
a
r
e
a
a
r
e
n
o
t
a
s
e
r
o
d
i
b
l
e
a
s
t
h
o
s
e
o
n
t
h
e
E
r
i
e
-
O
n
t
a
r
i
o
P
l
a
i
n
.
E
r
o
s
i
o
n
,
h
o
w
e
v
e
r
,
i
s
a
s
e
r
i
o
u
s
p
r
o
b
l
e
m
b
e
c
a
u
s
e
o
f
t
h
e
l
o
n
g
s
l
o
p
e
s
w
h
i
c
h
a
c
c
u
m
u
l
a
t
e
a
l
a
r
g
e
a
m
o
u
n
t
o
f
r
u
n
o
f
f
.
S
o
m
e
o
f
t
h
e
s
o
i
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
t
h
a
t
a
r
e
i
m
p
o
r
t
a
n
t
i
n
i
d
e
n
t
i
f
y
i
1
a
n
d
l
o
c
a
t
i
n
g
p
o
t
e
n
t
i
a
l
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
r
e
s
u
l
t
i
n
g
f
r
o
m
l
a
n
d
u
s
e
a
c
t
i
v
i
t
i
e
s
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
2
9
.
Minerals
T
h
e
m
i
n
e
r
a
l
i
n
d
u
s
t
r
y
i
n
t
h
e
o
n
e
P
e
n
n
s
y
l
v
a
n
i
a
a
n
d
f
o
u
r
N
e
w
Y
o
r
k
c
o
u
n
t
i
e
s
w
h
i
c
h
c
o
m
p
r
i
s
e
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
p
r
o
d
u
c
e
c
l
a
y
a
n
d
s
h
a
l
e
,
g
y
p
s
u
m
,
p
e
a
t
,
p
e
t
r
o
l
e
u
m
a
n
d
n
a
t
u
r
a
l
g
a
s
,
s
a
n
d
a
n
d
g
r
a
v
e
l
,
a
n
d
s
t
o
n
e
(
l
i
m
e
s
t
o
n
e
a
n
d
d
o
l
o
m
i
t
e
)
.
F
r
o
m
1
9
6
0
t
o
1
9
6
8
,
t
h
e
o
u
t
p
u
t
a
n
d
v
a
l
u
e
o
f
s
a
n
d
a
n
d
g
r
a
v
e
l
,
p
e
a
t
,
a
n
d
l
i
m
e
i
n
c
r
e
a
s
e
d
,
w
h
i
l
e
t
h
a
t
f
o
r
c
l
a
y
a
n
d
s
h
a
l
e
,
g
y
p
s
u
m
,
c
e
m
e
n
t
,
a
n
d
c
r
u
s
h
e
d
a
n
d
b
r
o
k
e
n
s
t
o
n
e
d
e
c
r
e
a
s
e
d
.
A
t
o
t
a
l
o
f
4
8
n
o
n
m
e
t
a
l
l
i
c
m
i
n
e
r
a
l
o
p
e
r
a
t
i
o
n
s
a
n
d
a
n
e
s
t
i
m
a
t
e
d
2
,
9
3
0
o
i
l
a
n
d
g
a
s
w
e
l
l
s
w
e
r
e
p
r
o
d
u
c
i
n
g
i
n
1
9
6
8
.
A
l
l
o
f
t
h
e
c
o
u
n
t
i
e
s
h
a
d
s
a
n
d
a
n
d
g
r
a
v
e
l
p
i
t
s
,
w
h
i
l
e
3
c
o
u
n
t
i
e
s
h
a
d
g
a
s
w
e
l
l
s
,
2
c
o
u
n
t
i
e
s
e
a
c
h
h
a
d
s
t
o
n
e
q
u
a
r
r
i
e
s
a
n
d
p
e
a
t
b
o
g
s
,
a
n
d
1
c
o
u
n
t
y
h
a
d
p
r
o
d
u
c
i
n
g
o
i
l
w
e
l
l
s
.
E
r
i
e
C
o
u
n
t
y
,
N
e
w
Y
o
r
k
,
t
h
e
o
n
l
y
c
o
u
n
t
y
w
i
t
h
s
h
a
l
e
a
n
d
g
y
p
s
u
m
o
p
e
r
a
t
i
o
n
s
,
l
e
d
i
n
t
h
e
n
u
m
b
e
r
o
f
n
o
n
m
e
t
a
l
l
i
c
m
i
n
e
r
a
l
o
p
e
r
a
t
i
o
n
s
.
S
e
l
e
c
t
e
d
o
p
e
r
a
t
i
o
n
s
a
r
e
s
h
o
w
n
i
n
F
i
g
u
r
e
2
6
.
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SOIL CHARACTERISTICS - PLANNING SUBAREA 4.4
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SOIL
TEXTURE
A
B
I
L
I
T
Y
SOIL
01“ MOST
AVAILABL
E
ASSOCI~
MAJOR
NATURAL
RESTRICT
- WAT
ER (K)
INATURAL
ATION
SOIL
mp
sun
sun
SOIL
so LAYER
CAPACITY
FAC— FE
R-
NUMBER
SOIL A
SSOCIA
TION D
ESCRIP
TION
SERIES
SOIL
SOIL
STRATA
DRAINA
GE 1
n./hr.
in./in
.l TOR
TILITY
REHARK
S
 
Pennsylvania
 
CB Nearly level to moderately steep (0—182 slope), Canadice si.cl.loam silty claypsilty clay poorly
0.06 0.12-0.21 .49 10"
medium to moderately fine textured, somewhat
Poorly to very poorly drained, very strongly
Caneadea silt loam si.cl.loam si.cl.loam somewhat 0.06 0.12-0.21 .49 10“
acid to neutral soils formed on lake and till
Silt loam poorly
m
plains.
Birdsall silt loam silt 10am silt loam, very poorly 0.06—0.2 0.08-0.2 .32 mediu
v.fi.sand
CF Nearly level to moderately steep (0—18Z slope), Conotton sandy loam sandy loamisand & well 2.0—6.0 0.06—0.14 .28 lmedium
coarse and moderately coarse textured, wellto
gravel
poor
ly d
rain
ed,
very
ston
gly
acid
to n
eutr
al
_
soil
s f
orme
d o
n ou
twas
h pl
ains
, k
ames
and
mora
ineq
.P1a
infi
EI‘1
°amy
sand
sand
Band
"911
6-3
20-0
0.08
—0.0
4
.17
low
Fredon loamy sand sandy loam loamy sand poorly 6.3—20.0 0.06-0.17 .37 low
EL Nearly level to steep (O-ZSZ slope), medium Erie silt loam silt loam nsilt loam somewhat 0-05 0.08—0.20 .32 m9d1um fragipang/
textured, well to poorly drained, strongly acid to
poorly
neurral sails formed on till plains and moraines' Langford silt loam silt loam wilt loam well & mod. 0-06 0.9-0.19 .28 medium fragipanaj
Ellery 511: loam 11c loam silt loam po‘éerly 0.06 0.9-0.19 .32 medium fragipan‘”
 
7
6
PB Nearly level to sloping (0-1ZZ slope), medium Platea silt loam i.cl.1oam silt loam somewhat 0.06 0.8—0.2 .43 medium fragipan‘U
textured, somewhat poorly to very poorly drained,
silt loam poorly
very strongly acid to neutral soils formed on _ - d1
lake
plai
na a
nd
mora
ines
.
Bird
sall
silt
loam
Pilt
loam
til:
:zig
,
very
poor
ly 0
.06
0.2
0.08
0.2
.32
me
um
PH Nearly level to gently sloping (0-61 slope), Howard loam 10am sand 5 well 0.6—2.0 D.05—0.2 .24 medium
medium t
o coarse
textured
, well
to very
poorly
gravel
draine
d, med
ium ac
id to
neutra
l soil
s form
ed on
outwash and
till plains,
moraines, k
ames and
Phelps l
oam l
oam lo
am m
od. well
0.6—2.0 0.
10—0.20 .24
medium
eskers.
Fredon loamy sand s
andy loam loamy sand
poorly 6.30—20.0b
.06-0.17 .37 low
Halsey l
oam v
.fi.sa.loan
sand & v
ery poorly
0.6—6.3 0.
12-0.24 .24
medium
gra
vel
RB Nearly level to gently sloping (0—62 slope), Rimer loamy fine loamy fine clay somewhat 0.06—0.2 0.06—0.14 .24 medium
coarse and moderately
coarse textured, moder
ately san
d sand
poorly
well to very poorly drained, strongly acid to . 2 5_5 O _ d1
neutral 801
18 formed o
n lake and
outwaah pla
ins. daus
eon fi.sa
.loam Ei.ss
.loam clay
very poorly
- - 0.1
2 0.14 .24
me um
Brems l
oamy sand s
and Ba
nd m
od. well
20.0 0-06
'0-12 .17
low
TM Nearly level to
sloping (0-121 slope),
medium to Trumbull
si.cl.loam clay
si.cl.loam poorly
0.06—0.2 9-08’0-2 .4
3 Radium
maderately
fine texcure
d’ somewhat
poorly to ve
ry Mahonin
g silt loa
m silty cl
ay clay loa
m somewhat
0.06-0.20 0-
12"0-20 .49
medium
poorly drained, neutra
l to very strongly aci
d
oorl
soils formed on lake a
nd till plains and mor
aines.
p y ‘\
Miner s
i.cl.loam
ilty clay s
i.cl.loam
very poorly
0.06-0.2 0.
10—0.22 .43
m9dium
    
        
 7
7
Exp
res
sed
as
a r
ati
o -
sam
e i
n m
etr
ic
for
m
Frag
ipan
— A
loam
y s
ubsu
rfac
e l
ayer
with
rest
rict
ed p
erme
abil
ity
Table 29 - Cont'd.
To
Co
nv
er
t
Fr
om
 
Inches (in)
Centimet
ers (cm)
To
ﬁglti
ply
By
2.54
SOIL
ASS
OCI
—
AT
IO
N
NUM
BER
SOIL
ASSO
CIAT
ION
DESC
RIPT
ION
PMJOR
SOIL
SERIES
SOI
L T
EXT
URE
TOP
SOIL
SUB
SO
IL
SUB
STRATA
NATURAL
SOIL
DBAI
NAQE
V
PE
RN
E—
ABI
LIT
Y
OF M
OST
REST
RICT
—
ED LAYER
in./hr.
AV
AI
LA
BL
E
WAT
ER
CAPACITY
in
-/
in
.l
f
(K)
FAC-
TOR
JAT
URA
L
‘FE
R—
TILITY REMARKS
New
B
C
C
C
CD
CT
DR
0
8
  
York
Nea
rly
lev
el
to
gen
tly
rol
lin
g (
0-1
22
slo
pe)
,
mod
era
tel
y c
oar
se
to
coa
rse
tex
tur
ed,
wel
l
dra
ine
d,
med
ium
to
str
ong
ly
aci
d s
oil
s
for
med
on
del
tas
, b
eac
h r
idg
es
and
kam
es.
Nea
rly
lev
el
to
ste
ep
(0-
252
slo
pe)
, m
edi
um
tex
tur
ed,
wel
l d
rai
ned
, m
edi
um
to
str
ong
ly
aci
d
soi
ls
for
med
on
til
l a
nd
out
was
h p
lai
ns,
mor
ain
es,
ka
me
s
an
d
es
ke
rs
.
Nea
rly
lev
el
to
slo
pin
g (
0-1
22
sla
ps)
, m
edi
um
to
mod
era
tel
y
fin
e
tex
tur
ed,
som
ewh
at
poo
rly
to
poo
rly
dra
ine
d,
ver
y s
tro
ngl
y a
cid
to
neu
tra
l
soi
ls
for
med
on
lak
e p
lai
ns.
Nea
rly
lev
el
to
slo
pin
g
(0—
122
slo
pe)
,
med
ium
tex
tur
ed,
mod
era
tel
y
wel
l
to
som
ewh
at
poo
rly
dra
ine
d,
sli
ght
ly
to
ver
y s
tro
ngl
y a
cid
soi
ls
for
med
on
lak
e a
nd
til
l p
lai
ns
and
mor
ain
es.
Nea
rly
lev
el
to
ste
ep
(0—
252
slo
pe)
, m
edi
um
tex
tur
ed,
wel
l d
rai
ned
,
str
ong
ly
aci
d t
o n
eut
ral
soi
ls
for
med
on
flo
od
and
out
was
h p
lai
ns,
kam
es
and
esk
ers
.
Nea
rly
lev
el
to m
ode
rat
ely
ste
ep
(0-
182
slo
pe)
,
medi
um t
o mo
dera
tely
fine
text
ured
, so
mewh
at
poo
rly
to p
oor
ly
dra
ine
d,
str
ong
ly
aci
d t
o
neu
tra
l s
oil
s f
orm
ed
on
til
l p
lai
ns
and
mor
ain
es.
Nea
rly
lev
el
to
mod
era
tel
y s
tee
p (
0—1
81
slo
pe)
,
med
ium
tex
tur
ed,
mod
era
tel
y w
ell
to
som
ewh
at
poor
ly
drai
ned,
stro
ngly
acid
to n
eutr
al s
oils
for
med
on
til
l p
lai
ns
and
mor
ain
es.
Al
to
n
Colonie
Bath
C
h
e
n
a
n
g
o
Caneadea
Ca
na
di
ce
Co
ll
am
er
Rhin
ebec
k
Chen
ango
Ti
og
a
How
ard
Ham
lin
Dar
ien
Rom
ulu
s
Rem
sen
Ili
on
Dar
ien
Dan
ley
 
san
dy
loa
m
si
lt
lo
am
loam
si
lt
lo
am
si.
c1.
loa
m
si
lt
lo
am
si
lt
lo
am
Wi
ll
ia
ms
on
sil
t
loa
m
loam
si
lt
lo
am
lo
am
si
lt
si
lt
lo
am
lo
am
si
.c
l.
lo
am
si
.c
l.
lo
am
si
lt
lo
am
si
lt
lo
am
s
i
l
t
l
o
a
m
 
loa
my
fi.
sa.
san
dy
loa
m
fine
sand
lo
am
si
lt
lo
am
si
.c
l.
lo
aA
sil
ty
cla
y
si
lt
lo
am
sil
ty
cla
y
si
lt
lo
am
si
lt
lo
am
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New York
(continued)
OS
Nearly level to moderately steep (0-182 slope),
Odessa
silt loam silty clay silty claﬁsomewhat
(0.06
0.12—0.21 .49
medium
medium to moderately ﬂine textured, well to
poorly
8°”eWhat p°°rly drained' medium “Cid t°
Schoharie si.cl.loam silty clay silty clay mod. well a 0.06—O.2 0.8—0.2
.49 medium
neutral soils formed on lake plains and moraines.
well
Rhinebeck silt loam silty clay si.cl.loam somewhat
0.06—0.2 0.12—0.21 .49 medium
poorly
Hudson
silt
loam
silty clay clay and
mod.
well
0.06—0.2 3.12-0.21
.49
medium
fine silt
P
Nearly level to steep (O—ZSZ slope), medium
Palymra
loam
sa.cl.loam gravel &
well
0.6—2.0
0.12-0.16
.24
medium
to moderately coarse textured, well drained,
sand
very strongly acid to neutral soils developed
on outwash and till plains, kamee and eskers‘
Kars
sandy loam sandy loam sand &
well
2.0—6.3
D.02~0.2
.24 medium
gravel
Wampsvilla silt loam clay loam
sand &
well
0.6—2.0
3.07—0.19
.24
high
gravel
7
9
T
Nearly level (O-ZZ slope), medium and fine
Toledo
silty clay silty clay silty clay very poorly 0.06-0.2 0.12—0.18
.b9
high
teXtured’ poorly and very poorly draiREd’
Colwood
silt loam
si.cl.loam.silt loam, poorly 8
0.6—2.0
0.17-0.24
.43
high
slightly acid to neutral soils formed on outwash
fine sand very poorly
and
lake plains.
U
Urban areas where original soil conditions have
Undifferenliated
been greatly modified by excavation.
Urban Land
not applicabale
VM
Gently sloping to moderately steep (3-182 slope),
Volusia
silt loam
loam
loam
somgxg_§
(0.06
0.1-0.l9
.32
low
fragipangj
medium textured, moderately well to somewhat
_
_
2
poorly drained, very strongly to medium acid
Hardin
silt loam loam
loam
mod. well
0.06 0.2 0.9 0.19
.28 low
Qragipan-
soils formed on till plains and moraines.
             
To Convert From
$2
Multiply By
1/ Expressed as a ratio — same in metric form
Inches (in)
Centimeters (cm)
2.54
2/ Fragipan - A loamy subsurface layer with
restricted permeability
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80
 The
problems
concerning
seepage
from
abandoned
petroleum
and
natural gas wells and the concern over offshore drilling in Lake Erie,
which were introduced in Planning Subarea 4.3, apply similarly to Sub—
area 4.4.
Water Resources
Surface Water Hydrology
Planning Subarea 4.4 has a total of over 17,400 hectares (43,000
acres) of surface water including lakes, rivers and embayments. The major
river systems include the Erie—Chautaugua Complex, the Chattaraugus
River, and the Tonawanda River. These total for more than 32,180 stream
kilometers (20,000 stream miles)). Runoff averages 51 centimeters (20
inches) annually. Table 30 gives flow characteristics for selected
streams in the subarea.
Inland lakes are not plentiful in this area. There are only
131 lakes and totaling more than 12,500 hectares (31,000 acres) of
surface water. Chautaugua Lake with 5,140 hectares (12,700 acres) of
surface water is the largest inland lake in Planning Subarea 4.4.
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(8)
FLOW CHARACTERISTICS AT SELECTED STATIONS
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1.027
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2155
Cazeno
via C
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 Table 32
CHEMICAL
QUALITY
CHARACTERISTICS
OF
THE
MAJOR
AQUIFER
SYSTEMS
IN
PLANNING SUBAREA 4.4(9)
(Numberical
ranges
represent
typical
values
and
do
not
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unusually
high
or
low
values)
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Egiga is primarily the farm game type and is located along the lake Plain
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r
e
a
t
L
a
k
e
s
B
a
s
i
n
a
s
a whole.
M
a
n
u
f
a
c
t
u
r
i
n
g
i
s
i
m
p
o
r
t
a
n
t
i
n
b
o
t
h
t
h
e
E
r
i
e
a
n
d
B
u
f
f
a
l
o
a
r
e
a
s
,
a
n
d
t
r
a
d
e
s
a
n
d
s
e
r
v
i
c
e
s
a
r
e
a
l
s
o
s
i
g
n
i
f
i
c
a
n
t
i
n
t
h
e
e
c
o
n
o
m
y
.
I
n
t
h
e
m
a
n
u
f
a
c
t
u
r
i
n
g
s
e
c
t
o
r
,
e
l
e
c
t
r
i
c
a
l
m
a
c
h
i
n
e
r
y
,
m
o
t
o
r
v
e
h
i
c
l
e
s
,
t
r
a
n
s
p
o
r
t
a
t
i
o
e
q
u
i
p
m
e
n
t
,
a
n
d
f
o
o
d
a
n
d
k
i
n
d
r
e
d
p
r
o
d
u
c
t
s
a
r
e
m
a
j
o
r
i
n
d
u
s
t
r
i
e
s
.
F
r
u
i
t
,
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 vegetables,
and dairy farming are major agricultural activities.
The
planning
subarea
ranks
eighth
in value
of
farms
of
the 15
subareas
in
the Great Lakes Basin.
Farms are typically small.
The most important
vegetables are tomatoes and snap beans. The number of acres of orchards,
groves, and vineyards is second highest in the Great Lakes Basin, with
grapes, pears, and sweet cherries being the most significant.
Tables 33, 34, and 35 describe economic and demographic
characteristics of the area.
Table 33
POPULATION DATA BY COUNTY<10)
“or Percent Lind
“nu lith- Urban An- Sq .
 
1940 1950 1960 1970 1970 1970 H1. 1970
PLANNING SUBAREA 4.4
19111 1,335,608 1,521,708 1,783,203 1,841,336 1,455,577 79.0 4,803
Pennazlvania 180, 889 219, 388 250, 682 263 ,654 197, 659 775.0 8_13_
Erie 180,889 219,388 250,682 263,654 197,659 75.0 813
New York 1,154,719 1,302,320 1,532,521 1,578,182 1,257,898 80.0 3,989
Cattaraugus 72,652 77,901 80,187 81,666 29,144 35.7 1,318
Chautauqua 123,580 135,189 145,377 147,305 80,656 54.8 1,081
Erie 798,377 899,238 1,064,688 1,113,491 978,200 87.8 1,058
Niagara 160,110 189,992 242,269 235,720 169,898 72.1 532
To Convert From T_o 111111511 31
Square Mile: (sq .1) Square Kilo-euro (.1 In) .59
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 Table 34
    
AG
RI
CU
LT
UR
AL
LA
ND
US
E
IN
PL
AN
NI
NG
SU
BA
RE
A
4.
4(
11
)
Current NormallJ
95
92
Ac
re
sg
/
He
ct
ar
es
g/
Wh
ea
t
25
.5
10
.3
Oa
ts
61
.3
24
.8
Ry
e
2.
2
0.
9
Ba
rl
ey
0.
8
0.
3
Mi
sc
.
Sm
al
l
Gr
ai
ns
—
—
Co
rn
fo
r
Gr
ai
n
35
.1
14
.2
Co
rn
Si
la
ge
49
.0
19
.8
So
yb
ea
n
-
-
Dr
y
E.
D.
Be
an
s
0.
6
0.
2
Su
ga
r
Be
et
s
0
-
Po
ta
to
es
5.
7
2.
3
Fr
ui
ts
67
.7
27
.4
Co
mm
.
Ve
ge
ta
bl
es
38
.8
15
.7
Co
mm
.
So
d
-
—
Al
fa
lf
a
Ha
y
89
.9
36
.4
Cl
ov
er
&
Ti
mo
th
y
Ha
y
18
9.
0
76
.5
Cr
op
la
nd
Pa
st
ur
e
45
.6
18
.5
Id
le
Cr
op
la
nd
24
7.
5
10
0.
2
Tot
al
Cro
pla
nd
858
.7
347
.5
Imp
rov
ed
Pas
tur
e
84.
7
34.
3
Imp
rov
abl
e
Pas
tur
e
149
.9
60.
7
N.
Imp
rov
. P
ast
ure
17.
0
6.9
Tot
al
Pas
tur
e
251
.6
101
.9
Tot
al
Ag.
Lan
d 31
/
1,1
11.
3
449
.4
1
—/Current normal represents present yield estimate based on 1958—1972 average
2/ .
— Measurement is in thousands acres or hectares
g--/Totals may not add due to rounding
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Table 35 f
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY IN 1970 1
PLANNING SUBAREA 4.4(11) I
 
Item
1970
Population, midyear 1,345 457
Per capita income (1967$) 4:472
Per capita income Rel. (U.S.=l.00) 1.00 g
Total employment 701,184
Employment/pOpulation ratio .33 a
Total personal income 6,407,863
Total earnings 5,165,829 '
Agriculture, forestry and fisheries 62,553a
Ag
ri
cul
tur
e
-
Forestry and fisheries —
Mining 2,322c
Metal -
Coal -
Crude petroleum and natural gas -
Nonmetallic, except fuels -
Contract construction 288,218
Man
ufa
ctu
rin
g
2,1
09,
302
Food and kindred products '
Textile mill products '
Apparel and other fabric products '
Lumber products and furniture '
Paper and allied products
Printing and publishing
Chemicals and allied products
Petroleum refining
Primary metals
Fabricated metals and ordnance
Machinery, excluding electrical
Electrical machinery and supplies
Motor vehicles and equipment
Transportation equip., excl. mtr. vehs.
Other manufacturing
 
Tr
an
s.
,
co
mm
.
an
d
pu
bl
ic
ut
il
it
ie
s
36
5,
77
6
.
1
Whol
esal
e an
d r
etai
l tr
ade
764,
155
;
Finance, insurance and real estate 183,324
Se
rv
ic
es
62
9,
03
1
Government :33’323
Federal Government 618’510
State and local government ’
29,410
Armed forces
a"r
epr
ese
nts
80.
0
to
99.
9 p
erc
ent
of
the
tru
e v
alu
e
c“r
epr
ese
nts
40.
0
to
59.
9
per
cen
t
of
the
tru
e
val
ue
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BEEEBEEQEEL
1.
2.
10.
11.
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Fr
am
ew
or
k
St
ud
x,
A
p
p
e
n
d
i
x
5,
"
M
i
n
e
r
a
l
R
e
s
o
u
r
c
e
s
,
"
1
9
7
5
D.
W.
Ph
il
li
ps
an
d
Ja
n
Mc
Cu
ll
oc
h,
Th
e
Cl
im
at
e
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n,
"C
li
ma
to
lo
gi
ca
l
St
ud
ie
s,
"
Nu
mb
er
20
,
En
vi
ro
nm
en
t
Ca
na
da
,
19
72
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Fr
am
ew
or
k
St
ud
y,
Ap
pe
nd
ix
17
,
"W
il
dl
if
e,
"
19
75
 
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Fr
am
ew
or
k
St
ud
y,
Ap
pe
nd
ix
1,
"A
lt
er
na
ti
ve
Fr
am
ew
or
ks
,"
Dr
af
t
2,
Ma
y
19
74
an
d
Ap
pe
nd
ix
19
,
"E
co
no
mi
c
an
d
De
mo
gr
ap
hi
c
St
ud
ie
s,
"
19
75
.
Up
da
te
d
us
in
g
Wa
ld
on
Mi
ll
er
an
d
Jo
hn
Pu
tm
an
,
US
DA
—E
RS
,
Ec
on
om
ic
,
De
mo
gr
ap
hi
c
an
d
La
nd
Us
e
Pr
oj
ec
ti
on
s,
1975
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Fr
am
ew
or
k
St
ud
y,
Ap
pe
nd
ix
1,
"A
lt
er
na
ti
ve
Fr
am
ew
or
ks
,"
Dr
af
t
2,
Ma
y
19
74
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Fr
am
ew
or
k
St
ud
g,
Ap
pe
nd
ix
12,
"S
ho
re
Us
e
an
d
Er
os
io
n,
"
19
75
Ir
vi
n,
Al
an
(S
po
ns
or
ed
by
US
DA
—S
OS
),
So
il
Ch
ar
ac
te
ri
st
ic
s
Wo
rk
in
g
Papers, December 1974
Gre
at
Lak
es
Bas
in
Com
mis
sio
n,
The
Gre
at
Lak
es
Bas
in
Fra
mew
ork
Stu
d
,
App
end
ix
2,
"Su
rfa
ce
Wat
er
and
Hyd
rol
ogy
,"
197
5
Great Lakes
Appendix 3,
Bas
in
Com
mis
sio
n,
The
Gre
at
Lak
es
Bas
in
Fr
am
ewo
rk
Stu
dy,
"Geology and Ground Water," 1975
Gre
at
Lak
es
Bas
in
Com
mis
sio
n,
The
Gre
at
Lak
es
Bas
in
Fra
mew
ork
Stu
dy,
Appendix 19, "Economic and Demographic Studies," 1975
Wal
don
Mil
ler
and
Joh
n P
utm
an,
USD
A-E
RS,
Eco
nom
ic,
Dem
ogr
aph
ic,
and
Land Use ProjectionsL 1975.
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MAJOR LAND USES
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing
the Great Lakes Water Quality Agreement requested that the International
Joint Commission (IJC) investigate pollution of the boundary waters of the
Great Lakes system from agriculture, forestry and other land use activi-
ties. In 1973 the IJC charged its Reference Group on Great Lakes Pollu—
tion from land Use Activities with the responsibility of obtaining a land
use inventory of the Great Lakes Basin. The Environmental Protection
Agency contracted with Purdue University/Laboratory for Applications of
Remote Sensing (LARS) to prepare for the Reference Group a current land
use inventory of the 34,000,000 hectares (84,000,000 acres) included within
the U.S. portion of the Great Lakes Basin. The results of this inventory
will be used to determine the contribution to the pollution of the Great
Lakes from land use activities.
This report contains the inventory information collected by county
for the Lake Erie basin. A detailed discussion of the procedures used
to obtain these results are contained in Volume I - Great Lakes Basin
Report.
Approach
LAN
DSA
T m
ult
isp
ect
ral
sca
nne
r d
ata
, c
oll
ect
ed
fro
m t
he
197
2 a
nd
197
3
grow
ing
seas
ons
were
used
as t
he p
rime
data
sour
ce f
or a
naly
sis.
Thes
e
LAN
DSA
T M
SS
dat
a w
ere
ana
lyz
ed
by
com
put
er-
imp
lem
ent
ed
pat
ter
n r
eco
gni
tio
n
tec
hni
que
s t
o p
rod
uce
spe
ctr
all
y s
epa
rab
le
cla
sse
s w
hic
h w
ere
the
n r
ela
ted
to the land use categories listed in Table 36.
Results
Re
su
lt
s
of
th
e
la
nd
us
e
in
ve
nt
or
y
ar
e
re
po
rt
ed
in
tw
o
fo
rm
s:
ge
om
et
ri
-
cal
ly
cor
rec
t c
olo
r-c
ode
d m
aps
and
sta
tis
tic
al
tab
les
.
Ind
ivi
dua
l g
eo-
met
ric
all
y c
orr
ect
cou
nty
map
s w
ere
pro
duc
ed
wit
h e
ach
of
the
Lev
el
I l
and
us
e
ca
te
go
ri
es
re
pr
es
en
te
d
by
a
de
si
gn
at
ed
co
lo
r.
St
at
is
ti
ca
l
ta
bl
es
of
ea
ch
co
un
ty
we
re
co
mp
il
ed
wh
ic
h
in
cl
ud
e
bo
th
pr
im
ar
y
an
d
se
co
nd
ar
y
le
ve
ls
of
la
nd
us
e
wi
th
ea
ch
ca
te
go
ry
re
po
rt
ed
as
1)
pe
rc
en
ta
ge
of
th
e
co
un
ty
ar
ea
,
2)
th
e
nu
mb
er
of
he
ct
ar
es
an
d
3)
th
e
nu
mb
er
of
ac
re
s
pr
es
en
t
in
each county.
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Table 36
L
A
N
D
U
S
E
C
A
T
E
G
O
R
I
E
S
C
L
A
S
S
I
F
I
E
D
L
e
v
e
l
I
L
e
v
e
l
I
I
U
r
b
a
n
R
e
s
i
d
e
n
t
i
a
l
C
o
m
m
e
r
c
i
a
l
/
I
n
d
u
s
t
r
i
a
l
A
g
r
i
c
u
l
t
u
r
e
R
o
w
C
r
o
p
s
C
l
o
s
e
G
r
o
w
n
C
r
o
p
s
P
a
s
t
u
r
e
a
n
d
M
e
a
d
o
w
s
F
o
r
e
s
t
F
o
r
e
s
t
. 1/
N
o
M
a
j
o
r
U
s
a
g
e
—
W
a
t
e
r
Wetlands
l
/
T
h
e
r
e
s
i
d
u
a
l
i
n
l
a
n
d
a
r
e
a
n
o
t
d
e
v
o
t
e
d
t
o
u
r
b
a
n
,
a
g
r
i
c
u
l
t
u
r
a
l
o
r
f
o
r
e
s
t
u
s
e
.
L
A
N
D
U
S
E
I
N
V
E
N
T
O
R
Y
P
R
O
C
E
D
U
R
E
S
Data
T
h
e
L
A
N
D
S
A
T
d
a
t
a
u
s
e
d
f
o
r
t
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
s
t
u
d
y
a
r
e
l
i
s
t
e
d
b
y
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
i
n
T
a
b
l
e
3
7
.
In
a
d
d
i
t
i
o
n
to
L
A
N
D
S
A
T
da
ta
,
a
e
r
i
a
l
p
h
o
t
o
g
r
a
p
h
y
wa
s
c
o
l
l
e
c
t
e
d
fo
r
us
e
as
u
n
d
e
r
f
l
i
g
h
t
r
e
f
e
r
e
n
c
e
da
ta
.
T
h
i
s
c
o
n
s
i
s
t
e
d
of
7
0
m
m
c
o
l
o
r
a
n
d
c
o
l
o
r
i
n
f
r
a
r
e
d
p
h
o
t
o
g
r
a
p
h
y,
t
a
k
e
n
at
a
p
p
r
o
x
i
m
a
t
e
l
y
3,
00
0
m
e
t
e
r
s
a
l
t
i
t
u
d
e
d
u
r
i
n
g
A
u
g
u
s
t
19
73
a
n
d
Ju
ne
19
74
.
C
o
v
e
r
a
g
e
b
y
a
e
r
i
a
l
p
h
o
t
o
g
r
a
p
h
y
r
e
p
r
e
s
e
n
t
s
ap
pr
ox
im
at
el
y
4
pe
rc
en
t
of
th
e
to
ta
l
ar
ea
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Fi
g-
ur
e
29
in
di
ca
te
s
th
e
lo
ca
ti
on
s
of
th
e
un
de
rf
li
gh
t
da
ta
co
ll
ec
te
d
fo
r
th
e
La
ke
Er
ie
ba
si
n.
Th
es
e
fl
ig
ht
li
ne
s
we
re
ch
os
en
be
ca
us
e
th
ey
re
pr
es
en
t
th
e
ma
jo
ri
ty
of
th
e
la
nd
us
e
cl
as
se
s
fo
un
d
th
ro
ug
ho
ut
th
e
pl
an
ar
ea
.
It
sh
ou
ld
be
ob
se
rv
ed
th
at
th
e
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
we
re
no
t
co
ll
ec
te
d
co
nc
ur
re
nt
wi
th
an
y
sa
te
ll
it
e
ov
er
pa
ss
.
Ot
he
r
re
fe
re
nc
e
da
ta
in
cl
ud
e:
(1) County highway maps
(2
)
12
24
,0
00
Un
it
ed
St
at
es
Ge
ol
og
ic
al
Su
rv
ey
to
po
gr
ap
hi
c
ma
ps
(3
)
1:
25
0,
00
0
Un
it
ed
St
at
es
Ge
ol
og
ic
al
Su
rv
ey
to
po
gr
ap
hi
c
ma
ps
(4) County soil surveys
(5) City maps
(6)
19
67
Co
ns
er
va
ti
on
Ne
ed
s
In
ve
nt
or
y
(U
SD
A/
SO
S)
(7)
19
72
,
19
73
re
po
rt
s
of
th
e
St
at
is
ti
ca
l
Re
po
rt
in
g
Se
rv
ic
e
(US
DA)
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Table 37
LANDSAT
DATA
UTILIZED
IN
THE
LAKE
ERIE
BASIN
  
Planning Subarea 4.1
Michigan
Lenawee
Livingston
Macomb
Monroe
Oakland
St. Clair
Sanilac
washtenaw
Wayne
Planning Subarea 4.2
Indiana
Adams
Allen
DeKalb
Ohio
Allen
Auglaize
Crawford
Defiance
Erie
Fulton
Hancock
Henry
Huron
Lucas
Mercer
Ottawa
Paulding
Putnam
Sandusky
Seneca
VanWert
Williams
Wbod
wyandot
93
Scene ID
1320-15532
1320-15525
1319-15471
1319-15474
1319-15471
1319-15471
1319-15471
1319-15474
1319-15474
1320-15532
1320-15532
1320-15532
1319-15480
1319-15480
1319-15474
1320—15532
1319—15480
1319-15480
1319—15474
1319-15474
1408-15404
1319—15474
1320—15534
1319-15474
1320-15532
1319-15474
1319-15474
1319-15474
1320—15534
1320-15532
1319-15474
1319-15474
Date
6/08/73
6/08/73
6/07/73
6/07/73
6/07/73
6/07/73
6/07/73
6/07/73
6/07/73
6/08/73
6/08/73
6/08/73
6/07/73
6/07/73
6/07/73
6/08/73
6/07/73
6/07/73
6/07/73
6/07/73
9/04/73
6/07/73
6/08/73
6/07/73
6/08/73
6/07/73
6/07/73
6/07/73
6/08/73
6/08/73
6/07/73
6/07/73
 
Table 37, Cont.
 
WEEK—e
Planning Subarea 4.3
Ohio
Ashtabula 1317—15361 6/05/73
Cuyahoga 1408-15404 9/04/73
Geauga 1408-15404 9/04/73
Lake 1408-15404 9/04/73
Lorain 1408-15404 9/04/73
Medina 1408—15404 9/04/73
Portage 1408-15404 9/04/73
Summit 1408-15404 9/04/73
Planning Subarea 4.4
Pennsylvania
Erie 1029-15353 8/21/72
New York
Cattaraugus 1442—15280 10/08/73
Chautaugua 1029-15352 8/21/72
Erie North 1029—15345 8/21/72
South 1442-15280 10/08/73
Niagara 1280-15302 4/29/73
Analysis
Since the results of this project were to be presented at the county
level, this dictated that several rather small analysis tasks be performed
as opposed to a few tasks covering large areas. In order to standardize
the analysis procedures, a comprehensive procedures document was prepared.
This document was concerned with the areas of data preprocessing, analysis
and results and is summarized in Volume
I - Great Lakes Basin Report.
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data
Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county.
The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes.
Counties which did not have underflight data were
classified using the statistics generated
from an adjoining or nearest
neighbor
county.
This
procedure
assumed
that
training
statistics
gener-
ated in one county could be extended over a distance of 90 to 100 kilome-
ters (50-60 mi).
However,
it was
stipulated that the statistics could not
be
extended
to areas
outside
the
frame
of
LANDSAT
data
from which
they
were generated.
Table 38
lists the counties in the Lake Erie basin and
the
counties
and/or
county
from which
the
training
statistics
were
gen-
erated.
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 Table 38
TR
AI
NI
NG
ST
AT
IS
TI
CS
EX
TE
NS
IO
N
FO
R
LA
KE
ER
IE
County Statistics
Derived From
Planning Subarea 4.1
Michigan
Le
na
we
e
Le
na
we
e
Li
vi
ng
st
on
Li
vi
ng
st
on
Ma
co
mb
Ma
co
mb
M
o
n
r
o
e
M
o
n
r
o
e
O
a
k
l
a
n
d
O
a
k
l
a
n
d
St
.
C
l
a
i
r
M
a
c
o
m
b
S
a
n
i
l
a
c
S
a
n
i
l
a
c
w
a
s
h
t
e
n
a
w
W
a
s
h
t
e
n
a
w
W
a
yn
e
W
a
s
h
t
e
n
a
w,
W
a
yn
e
Planning Subarea 4.2
Indiana
Ad
am
s
Al
le
n
Al
le
n
Al
le
n
De
Ka
lb
Hi
ll
sd
al
e,
Mi
ch
ig
an
Ohio
Al
le
n
Au
gl
ai
ze
Au
gl
ai
ze
Au
gl
ai
ze
Cr
aw
fo
rd
Se
ne
ca
De
fi
an
ce
De
fi
an
ce
Erie Wood
Fu
lt
on
Mo
nr
oe
,
Mi
ch
ig
an
Hancock Seneca
Henry Henry
Huron Huron
Luc
as
Mon
roe
,
Mic
hig
an
Mercer Mercer
Ot
ta
wa
Wo
od
Pa
ul
di
ng
Pa
ul
di
ng
Pu
tn
am
Wo
od
Sa
nd
us
ky
wo
od
Se
ne
ca
Se
ne
ca
Va
nW
er
t
Me
rc
er
Williams Defiance
W
O
O
d
W
o
o
d
wY
an
do
t
Se
ne
ca
 
96
  
Table
38,
Cont.
County
Statistics
Derived From
Planning Subarea 4.3
Ohio
Ashtabula
Ashtabula
Cuyahoga
Cuyahoga
Geauga Geauga
Lake Geauga
Lorain Medina
Medina Medina
Portage Geauga
Summit Summit
Planning Subarea 4.4
Pennsylvania
Erie Erie
New York
Cattaraugus Cattaraugus
Chautaugua Chautaugua
Erie Erie, Cattaraugus
Niagara Niagara
Classification Categories
Table 39 lists the categories which could be routinely identified and
inventoried taking into consideration the variability in dates of data
collection and the limited amount of underflight reference data available.
Table 39
FINAL LAND USE CLASSIFICATION CATEGORIES
Level I Level II
Urban
Residential
Commercial/Industrial
Agricultural
Row Crops
Close Grown Crops
Pasture
Forest
F st
. 1/ ore
No Major Use—
Water
watland
1/
Th
e
re
si
du
al
in
la
nd
ar
ea
no
t
de
vo
te
d
to
ur
ba
n,
ag
ri
cu
lt
ur
al
or
fo
re
st
us
e.
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l
Th
ro
ug
ho
ut
th
e
pr
oj
ec
t
th
e
ur
ba
n
la
nd
us
e
ca
te
go
ry
wa
s
ge
ne
ra
ll
y
cl
as
-
i
si
fi
ed
in
to
tw
o
Le
ve
l
II
cl
as
se
s,
i.
e.
,
re
si
de
nt
ia
l
an
d
co
mm
er
ci
al
/i
nd
us
-
tr
ia
l.
Le
ve
l
II
tr
an
sp
or
ta
ti
on
an
d
ex
tr
ac
ti
ve
cl
as
se
s
as
we
ll
as
th
e
Le
ve
l
II
I
re
si
de
nt
ia
l
an
d
co
mm
er
ci
al
/i
nd
us
tr
ia
l
cl
as
se
s
we
re
no
t
in
cl
ud
ed
in
th
e
in
ve
nt
or
y
be
ca
us
e
th
ey
co
ul
d
no
t
be
ro
ut
in
el
y
id
en
ti
fi
ed
du
e
to
in
su
ff
ic
ie
nt
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
.
Ho
we
ve
r,
th
is
is
no
t
to
im
pl
y
th
at
tr
an
sp
or
ta
ti
on
ro
ut
es
,
ex
tr
ac
ti
ve
ar
ea
s,
an
d
a
di
vi
si
on
of
re
si
de
nt
ia
l
an
d
co
mm
er
ci
al
/i
nd
us
tr
ia
l
ar
ea
s
ca
nn
ot
be
id
en
ti
fi
ed
.
Wi
th
su
ff
ic
ie
nt
an
d
ap
pr
op
ri
at
e
re
fe
re
nc
e
da
ta
th
es
e
ca
te
go
ri
es
ca
n
be
re
ad
il
y
id
en
ti
fi
ed
.
In
so
me
co
un
ti
es
on
ly
th
e
Le
ve
l
I
ur
ba
n
ca
te
go
ry
wa
s
cl
as
si
fi
ed
wi
th
no
di
st
in
ct
io
n
be
in
g
ma
de
be
tw
ee
n
th
e
re
si
de
nt
ia
l
an
d
co
mm
er
ci
al
/i
nd
us
tr
ia
l
ca
te
go
ri
es
.
Th
e
Le
ve
l
II
re
su
lt
s
of
th
es
e
co
un
ti
es
ar
e
re
po
rt
ed
on
ly
as
re
si
de
nt
ia
l.
In
a
fe
w
pr
ed
om
in
an
tl
y
ru
ra
l
co
un
ti
es
in
su
ff
ic
ie
nt
un
de
r-
fli
ght
ref
ere
nce
dat
a
wer
e
ava
ila
ble
to
tra
in
the
com
put
er
pro
per
ly
to
ide
nti
fy
any
urb
an
cla
ss.
In
the
se
ins
tan
ces
onl
y
the
rem
ain
ing
cla
sse
s
of
agr
icu
ltu
re,
for
est
ry
and
no
maj
or
use
wer
e
cla
ssi
fie
d.
How
eve
r,
the
tab
ula
tio
n
of
sta
tis
tic
s
inc
lud
es
an
urb
an/
res
ide
nti
al
cat
ego
ry.
The
urb
an
sta
tis
tic
s u
sed
in
the
se
tab
les
wer
e t
ake
n f
rom
the
app
ro-
pri
ate
196
7 C
ons
erv
ati
on
Nee
ds
Inv
ent
ory
.
The
are
as
inc
lud
ed
in
the
se
art
ifi
cia
l c
las
ses
wer
e s
ubt
rac
ted
fro
m t
he
for
est
are
a o
f t
he
res
pec
tiv
e
cou
nti
es.
Thi
s i
s j
ust
ifi
abl
e s
inc
e m
ost
sma
ll
tow
ns
are
spe
ctr
all
y s
imi
-
lar
to
for
est
are
as.
The
map
s o
f t
hes
e c
oun
tie
s d
o n
ot
inc
lud
e a
n u
rba
n
category.
The agriculture category was generally classified into two Level 11
clas
ses,
i.e.
, b
are
soil
and
past
ure/
mead
ow/c
lose
grow
n cr
ops.
A pr
oced
ure
was developed which allowed the analysts to relate the areas classified as
bare soil to row crops planted. This procedure was based on a study con-
ducted in 1974 on data from Boone County, located in central Indiana. In
this study the amount of bare soil in Boone County was inventoried using
June 1973 LANDSAT data. That area classified as bare soil was used as an
estimate of the area of row crop that would be planted that year. This
figure was compared to the area of row crop grown in Boone County in 1973
as determined by the United States Department of Agriculture/Statistical
Reporting Service (USDA/SR8). The LARS estimated figure was comparable
to the USDA/SRS figure, yielding an estimate approximately 2% greater
than that reported by SRS. Thus, since the majority of the LANDSAT data
was collected in June of 1972 and 1973, bare soil was used as an indicator
of row crops. Areas covered by LANDSAT data collected later in the growing
season allowed for direct classification of row crops.
Generally with all the LANDSAT data, pasture/meadow was not spectrally
separable from close grown crops. In this situation a pasture/meadow/close
grown crops category was classified. These classes were artificially
separated into the pasture/meadow and close grown crops classes. This
artificial separation of classes was performed by subtracting the area of
close grown crops (wheat, oats, and barley) as reported by the USDA/SR3
from the total area of pasture/meadow/close grOWn crops determined for
98
 
  
e
a
c
h
r
e
s
p
e
c
t
i
v
s
c
o
u
n
t
y
f
o
r
t
h
e
a
p
p
r
o
p
r
i
a
t
e
c
r
o
p
p
i
n
g
y
e
a
r
.
T
h
e
r
e
m
a
i
n
i
n
g
a
r
e
a
w
a
s
t
a
b
u
l
a
t
e
d
as
p
a
s
t
u
r
e
/
m
e
a
d
o
w
.
It
w
a
s
d
e
t
e
r
m
i
n
e
d
t
h
a
t
o
r
c
h
a
r
d
s
a
n
d
v
i
n
e
y
a
r
d
s
w
e
r
e
n
o
t
s
p
e
c
t
r
a
l
l
y
separable
in
the
majority
of
cases
becausa
sufficient
underflight
reference
data
were
not
available
for
adequate
training
of
the
computer.
Thus,
this
c
l
a
s
s
wa
s
deleted.
The
orchards
a
n
d
vi
n
e
ya
r
d
s
we
r
e
i
n
c
l
ud
e
d
in
those
classes
most
spectrally
similar,
i.e.,
forest
and
pasture/meadow/close
grown
crops.
Forest
cover
was
usually
classified
into
Level
II
classes
such
as
coniferous,
deciduous,
and
sparse
forest.
However,
these
classes
were
aggregated
to
yield
only
a
Level
I
forest
class.
In
the
no
major
usage
category
only
water
and
wetland
were
categorized.
Insufficient
underflight
reference
data
precluded
the
routine
classification
of barren land.
Specific Problems
Only
minor
problems
occurred
in
the
Lake
Erie
basin.
The
data
sets
generated
for
Seneca
and
Hancock
County,
Ohio
and
Erie
County,
New
York
did
not
not
cover
the
entire
county
area.
Seneca
County,
Ohio
and
Erie
County,
New
Y
o
r
k
were
located
at
the
edge
of
a
LANDSAT
frame,
and
the
entire
county
was
n
o
t
i
n
c
l
u
d
e
d
in
the
o
r
i
g
i
n
a
l
data.
Since
the
m
i
s
s
i
n
g
p
o
r
t
i
o
n
of
each
c
o
un
t
y
was
usually
only
a
few
square
miles,
it
was
decided
not
to
produce
an
additional
data
set
for
these
small
areas.
The
land
use
statistics
are
reported
using
the
total
county
acreage.
The
land
use
distribution
based
upon
the
major
portion
of
the
county
was
expanded
to
include
the
missing
areas.
A small number of clouds and cloud shadows was
present in some of the
LANDSAT scenes.
Occasionally the cloud shadows were classified as water;
however,
this contribution to the total county figures is relatively small.
Also, the total percentage of water for Ottawa County, Ohio, is
slightly higher than the actual percentage because of a small part of Lake
Erie being included as part of the data set.
Areas classified as clouds and cloud shadows were assumed to contain
the same distribution of land use as the other portions of each individual
county.
Land use was estimated by multiplying the acreage classified as
clouds and cloud shadows by the relative percentage obtained for each
respective land use class in the remainder of the county. These estimates
were then added to each respective land use class to produce the county
totals.
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RESULTS
R
e
s
u
l
t
s
o
f
t
h
i
s
p
r
o
j
e
c
t
a
r
e
r
e
p
r
e
s
e
n
t
e
d
i
n
s
t
a
t
i
s
t
i
c
a
l
t
a
b
l
e
s
w
h
i
c
h
l
i
s
t
t
h
e
l
a
n
d
u
s
e
c
a
t
e
g
o
r
i
e
s
i
n
T
a
b
l
e
3
9
f
o
r
e
a
c
h
i
n
d
i
v
i
d
u
a
l
c
o
u
n
t
y
b
y
a
c
r
e
a
g
e
,
h
e
c
t
a
r
e
s
,
a
n
d
p
e
r
c
e
n
t
a
g
e
o
f
c
o
u
n
t
y
.
T
h
e
s
e
a
r
e
a
s
t
a
t
i
s
t
i
c
s
h
a
v
e
b
e
e
n
r
o
u
n
d
e
d
o
f
f
to
t
h
e
n
e
a
r
e
s
t
4
-
h
e
c
t
a
r
e
(
l
O
-
a
c
r
e
)
u
n
i
t
.
A
d
d
i
t
i
o
n
a
l
t
a
b
l
e
s
s
h
o
w
t
h
e
a
g
g
r
e
g
a
t
i
o
n
o
f
t
h
e
s
e
r
e
s
u
l
t
s
o
f
s
t
a
t
e
,
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
,
a
n
d
p
l
a
n
a
r
e
a
t
o
t
a
l
s
.
S
o
m
e
m
i
n
o
r
d
i
f
f
e
r
e
n
c
e
s
m
a
y
e
x
i
s
t
in
t
h
e
d
a
t
a
d
u
e
to
t
h
e
r
o
u
n
d
i
n
g
o
f
f
o
f
f
i
g
u
r
e
s
a
t
v
a
r
i
o
u
s
p
o
i
n
t
s
of
a
g
g
r
e
g
a
t
i
o
n
.
In
a
d
d
i
t
i
o
n
to
t
h
e
t
a
b
u
l
a
r
s
t
a
t
i
s
t
i
c
s
,
i
n
d
i
v
i
d
u
a
l
c
o
l
o
r
—
c
o
d
e
d
c
o
u
n
t
y
m
a
p
s
h
a
v
e
b
e
e
n
p
r
e
p
a
r
e
d
at
a
n
a
p
p
r
o
x
i
m
a
t
e
s
c
a
l
e
o
f
l
:
2
1
5
,
0
0
0
.
T
h
e
s
e
m
a
p
s
s
h
o
w
t
h
e
L
e
v
e
l
I
c
a
t
e
g
o
r
i
e
s
l
i
s
t
e
d
in
T
a
b
l
e
39
a
n
d
a
r
e
c
o
l
o
r
c
o
d
e
d
as
shown in Table 40.
Table 40
CO
LO
R
CO
DE
FO
R
CO
UN
TY
MA
PS
 
Co
lo
r
Le
ve
l
I
Ca
te
go
ry
Re
d
Ur
ba
n
Ye
ll
ow
Ag
ri
cu
lt
ur
e
Gr
ee
n
Fo
re
st
Bl
ue
No
Ma
jo
r
Us
e
Bl
ac
k
Cl
ou
d
Sh
ad
ow
Wh
it
e
Cl
ou
ds
Th
es
e
ma
ps
we
re
pr
ep
ar
ed
by
co
nv
er
ti
ng
th
e
LA
RS
di
gi
ta
l
cl
as
si
fi
ca
ti
on
co
mp
ut
er
ta
pe
s
in
to
a
fo
rm
at
co
mp
at
ib
le
wi
th
a
la
se
r
di
gi
ta
l
pr
in
te
r
lo
-
ca
te
d
at
Me
ad
Te
ch
no
lo
gy
La
bo
ra
to
ry
,
Da
yt
on
,
Oh
io
.
Wi
th
a
di
gi
ta
l
la
se
r
pr
in
te
r
Me
ad
Te
ch
no
lo
gy
La
bo
ra
to
ry
pr
ov
id
ed
co
lo
r
se
pa
ra
ti
on
s
of
ea
ch
ma
p.
Th
es
e
co
lo
r
se
pa
ra
ti
on
s
we
re
us
ed
to
pr
ep
ar
e
th
e
pr
in
ti
ng
pl
at
es
fo
r
th
e
county maps.
 
Th
e
ar
ea
in
cl
ud
ed
in
th
is
la
nd
us
e
in
ve
nt
or
y
18
de
fi
ne
d
by
th
e
Gr
ea
t
La
ke
s
Re
gi
on
(p
ol
it
ic
al
)
bo
un
da
ry
(F
ig
ur
e2
9)
.
Ho
we
ve
r,
at
th
e
re
qu
es
t
of
th
e
U.
S.
/E
nv
ir
on
me
nt
al
Pr
ot
ec
ti
on
Ag
en
cy
la
nd
us
e
wi
th
in
Pl
an
ni
ng
Su
ba
re
as
1.
1
an
d
2.
2
wa
s
al
so
de
te
rm
in
ed
fo
r
th
e
Gr
ea
t
La
ke
s
Ba
si
n
(h
y-
dr
ol
og
ic
)
bo
un
da
ry
of
th
e
su
ba
re
as
as
we
ll
as
th
e
Re
gi
on
bo
un
da
ry
.
Th
is
wa
s
ac
co
mp
li
sh
ed
by
ap
pr
ox
im
at
in
g
th
e
hy
dr
ol
og
ic
bo
un
da
ry
wi
th
in
ea
ch
co
un
ty
by
li
ne
an
d
co
lu
mn
co
or
di
na
te
s
at
th
e
*P
RI
NT
RE
SU
LT
S
st
ag
e
an
d
re
qu
es
ti
ng
th
at
ne
w
ta
bu
la
r
st
at
is
ti
cs
be
ge
ne
ra
te
d
ut
il
iz
in
g
on
ly
th
e
ar
ea
co
nt
ai
ne
d
wi
th
in
th
os
e
bo
un
da
ri
es
.
Co
un
ty
ma
ps
on
a
hy
dr
ol
og
ic
boundary basis were not prepared.
Fig
ure
29
als
o
sho
ws
the
rel
ati
ons
hip
of
the
Pla
n A
rea
s
to
the
ent
ire
Gre
at
Lak
es
Reg
ion
.
The
maj
or
lan
d u
ses
for
Lak
e
Eri
e
bas
in
and
the
Gre
at
Lak
es
Reg
ion
are
sho
wn
in
Tab
le
41.
Fig
ure
30
is
a m
ore
det
ail
ed
map
of
the Lake Erie basin, Plan Area 4.0.
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Table
41
MAJOR IAND USES, LAKE ERIE AND GREAT LAKES REGION
Urban-Commercial-Industrial
Agriculture
Forest
No Major Use
Resi- Commer~
Row Close
Subarea dentisl ctal
SUthtal Crop crown Pasture SUbCOtaI
Water Wetland SUthtal
Acres Acres Acres Hectares Z Acres Acsgs Acres Acres Hectares Z Acres Hectares Z Acres Acres Acres Hectares 2
721780 292210 17.8 918740 203330 1279920! 2407020 974500 59.3 728140 294790 17.9 142050 63110; 205160 83060 5 1
421200 170520 6.6 3373150 570890 1249860: 5193880 2102780 81.6 693310 280690 10.9 55250 5040: 60290 24400 0.9
3
1
2
5
1 541570 180200
2 390880 30320
.3 361160 111690
4
137180 194110
 
CCWC
C
H
472850 191430 20.3 135 90 43100 10146905 1193790 483310 51.2 594260 240590 25.5 50640
71200 28820
331290 134120 10.6 206060 16600 9428800 1165550 471880 37.4 1539550 623290 49.5 76550 —0- 76550 30990
Lake
Erie 1430790 516320
Tot
al
413200 167270 2.6
_
_
-
-
q
-
-
-
-
-
1947120 788280 12.3 4633940 838920 4487350 9960240 4032470 62.7 3555260 1439360 22.4 324490 88710
-
_
4
Great
Lakes
Tot
al
Acres
5293310
1526710
2 6.1 1.8
-
-
—
-
—
-
-
-
-
.
-
-
-
-
-
.
.
-
6820040
12123740 3023000 18418250! 33565000
41125720
3423000 1574620 4997620
7.9 14.0 3.5 21.1 n 38.8 47.5 4.0 1.8
  
-
-
-
-
-
_
-
-
-
.
-
-
-
-
_
—
-
_
-
-
-
_
-
-
-
-
—
-
-
-
q
  
 
1
0
2
 
TOTAL AREA
Acres Hectares
.1 4,062,1
00 1,64
4,560
.2 6,368,680 2,578,390
.3 2,332,1
00 94
4,150
PSA 4.4 3,112,940 1,260,280
Lake Erie Basin 15,875,820 6,427,380
Great Lakes Region 86,505,190
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Flgure 31
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Fi
gu
re
32
sh
ow
s
th
e
co
un
ti
es
co
nt
ai
ne
d
in
Pl
an
ni
ng
Su
ba
re
a
4.
1.
Th
e
ma
jo
r
la
nd
us
es
in
Pl
an
ni
ng
Su
ba
re
a
4.
1
pr
es
en
te
d
by
co
un
ty
fo
r
th
e
Gr
ea
t
La
ke
s
Re
gi
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bo
un
da
ry
ar
e
sh
ow
n
in
Ta
bl
e
42
.
Ta
bl
e
43
pr
es
en
ts
th
e
ma
jo
r
la
nd
us
es
fo
r
Pl
an
ni
ng
Su
ba
re
a
4.
1
(b
y
st
at
e)
fo
r
th
e
Gr
ea
t
Lake 5 Reg ion.
Th
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County maps for Planning Subarea 4.1 are not included in this volume
due to technical difficulties incurred in the mapping processes.
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Planning Subarea 4.2
 
Figure 43 shows those counties contained in Planning Subarea 4.2.
The major land uses in Planning Subarea 4.2 presented by county are shown
in Table 44. Table 45 presents the major land uses for Planning Subarea
4.2 by state.
The land use tabulations presented in these tables were derived by
LARS using 1974 state—of—the—art LANDSAT analyses technology. The areas
shown may not match those in other tabulations of land use information
due to differences in procedures used, land use category definitions, or
the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated. The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban
class. Maps of these counties do not reflect an Urban (red) category
but contain only the following categories: Agriculture (yellow), Forestry
(green), No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow
(black).
This land use inventory was prepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result some maps reflect large amounts of the Urban
(red) category scattered throughout the county. These areas represent
data point which have similar reflectance characteristics and are spectrally
inseparable. They generally include urban areas, light colored and sandy
soils without Surface cover, and farmsteads. This must be considered
when using the Land Use tables as the area estimated for the urban category
may be high.
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70
54
20
54
20
94910
80360
12950
1590
7830
630
63
0
5.0
8
7
.
2
7
.
2
0.6
Fulton
County,
Ohio
260470 105
450
Huron C
ounty,
Ohio
318
080
128
770
Urbsn-
Councr
cial-I
nduetr
isl
Resid
entie
l
Cannercisl
Agr
icu
ltu
re
Ro
w
Cr
op
Close G
rown Cr
op
Pe
st
ur
e
Forest
lo Hejor Use
Utt
er
 
Heg
lsn
d
 
194
50
203520
23410
140
90
194
50
150
410
24100
29020
140
90
 
78
70
823
90
9470
5700
78
70
60890
97
50
117
40
5700
 
7.5
78.1
9.0
5.4
 
Urban-Comme
rciel-Indus
trial
Residentiel
Connerciel
Agricu
lture
Row
Crop
Close Grown Crop
Pasture
Forest
No Major Use
Wat
er
Wet
lan
d
 
4760
248260
63450
1610
3950
810
195
370
30000
22890
1610
 
1920
15
90
320
100510
79090
12140
9260
25680
65
0
650
 
1.5
78
.0
19.9
0
‘
s
 
 
44
Cont.
Acr
es
Hectares
Percent
Acres
Hectares Percent
 
Lucas County, Ohio
224640
90940
Paulding County, Ohio
266880
108040
 
Urban-Counercial~Industrial
Residential
Commercial
Agriculture
Row Crob
Cloae Grown Crop
Pasture
Poreat
No Major Use
Water
We
tl
an
d
76450
121790
20050
6350
67520
8930
83910
8900
28980
635
0‘
‘”950
27330
3610
49300
33970
3
6
0
0
11730
8110
2570
2570
54.2
8.9
2.8
Urban-Commercial~lndustria1
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
17920
228580
19580
800
8980
8
9
4
0
182450
32900
13230
170
630
72
50
3630
3610
92540
73860
13310
5350
7920
320
250
Mercer County, Ohio
301450
122040
Putnam County, Ohio
311040
125920
1
4
6
 
Urban-Commercial-Industrial
Residential
Comercial
Agriculture
Row Crop
Clone Grown Crop
Pasture
Forest
lo Major Use
Wat
er
we: and
175
80
255090
19720
9060
17580
177080
37100
40910
9060
71
10
7110
103270
71690
15020
16560
7980
3660
3660
5.8
8
4
.
6
6
.
5
3
.
0
Urban-Commercial-Industrial
Residential
Commercial
Agricu
lture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
22380
262610
23720
2
3
3
0
22380
157290
23600
81720
2330
9060
9060
106
310
63680
9550
33080
9600
94
0
940
‘ Octave County, Ohio
172160
69700 Sandusky County, Ohio
266280
107800
Urban-Commercial-Industrial
Residential
Conunrcial
Agriculture
low Crop
Close Grown Crop
Pasture
rorest
lo Major Use
Hater
Wetland
 
11400
148970
11790
11400
790
50
14460
55460
 
4610
4610
603
10
32000
58
50
22450
4770
 
6.6
8
6
.
5
6.8
 
Urban-Commercia1-Industria1
Residential
Commercial
Agric
ultur
e
Row Crop
Cloae Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
 
14390
230930
18440
2520
14390
119890
23100
87940
2520
 
S820
5820
93490
48530
93
50
35600
7460
10
20
10
20
  
 1
4
7
44 C
ont.
Acr
es
He
ct
ar
es
Perc
ent
 
Acr
es
rac
es-
2*:
.44
;
.‘ ‘3‘.
“gala—u»..
.
He
ct
ar
es
Per
cen
t
 
Se
ne
ca
Co
un
ty
,
Oh
io
3
5
2
6
4
0
14
27
60
Wood
Coun
ty,
Ohio
39
74
40
160
900
Ur
ba
n-
Co
nn
er
ci
al
-I
nd
us
tr
ia
l
Re
si
de
nt
ia
l
Com
mer
cia
l
Ag
ri
cu
lt
ur
e
Ro
w
Cr
op
Cl
os
e
Gr
ou
n
Cr
op
Pa
st
ur
e
F
o
r
e
s
t
Mo
Ma
jo
r
Us
e
Wa
te
r
W
e
t
l
a
n
d
2760
3
0
2
4
8
0
473
70
3
0
27
60
1
6
3
0
5
0
3
7
8
0
0
10
16
30
3
0
11
10
11
10
12
24
60
660
10
15
30
0
411
40
19
17
0
1
0
1
0
0.8
85
.8
1
3
.
4
0
.
0
!
!
1
t
Urban
—Comm
ercia
l-Ind
ustri
al
Res
ide
nti
al
Comme
rcial
Ag
ri
cu
lt
ur
e
Ro
w
Cr
op
Clo
se
Gro
wn
Cro
p
Pa
st
ur
e
Forest
No Maj
or Us
e
Wat
er
We
tl
an
d
23530
349
680
22740
14
90
235
30
181
800
36230
131
650
1490
95
20
141
570
92
00
600
9
5
2
0
73
60
0
146
60
532
90
600
Va
n
He
rt
Co
un
ty
,
Oh
io
261
760
10
59
70
Wyand
ot Co
unty,
Ohio
259
850
1
0
5
2
0
0
Ur
ba
n-
Co
un
ur
ci
al
-I
nd
us
tr
ia
l
Re
si
de
nt
ia
l
C
m
e
r
c
i
a
l
A
g
r
i
c
u
l
t
u
r
e
Ro
w
Cr
op
Cl
os
e
Gr
ow
n
Cr
op
Pa
st
ur
e
Fo
re
st
lo
Ma
jo
r
Us
e
Wa
te
r
W
e
t
l
a
n
d
179
00
237
570
60
80
210
179
00
20
18
60
234
00
12
31
0
21
0
7
2
4
0
7
2
4
0
961
80
81
72
0
94
70
49
80
24
60
80
80
6.8
90
.8
2
.
3
0.1
Urb
an-
Com
mer
cia
l-I
ndu
str
ial
Resid
entia
l
Comme
rcial
Ag
ri
cu
lt
ur
e
Row
Crop
Cl
os
e
Gr
ow
n
Cr
op
Past
ure
For
est
No
Maj
or
Use
Wa
te
r
We
tl
an
d
 
2240
223
480
339
80
15
0
22
40
11
17
10
273
00
784
70
150
 
900
90
47
0
137
50
6
0
90
0
476
50
110
50
317
60
60
 
Wi
ll
ia
ms
Co
un
ty
,
Oh
io
269
450
10
90
80
 
Ur
ba
n-
Co
mm
er
ci
al
-I
nd
us
tr
ia
l
Re
si
de
nt
ia
l
Com
mer
cia
l
Ag
ri
cu
lt
ur
e
Ro
w
Cr
op
Cl
os
e
Gr
ow
n
Cr
op
Pa
st
ur
e
Fo
re
st
No
Maj
or
Use
wat
er
W
e
t
l
a
n
d
 
119
30
208
920
45
99
0
2
6
1
0
11
93
0
11
71
00
263
00
65
52
0
31
0
2300
 
4820
48
20
845
80
47400
10
64
0
265
20
186
10
1
0
5
0
12
0
93
0
 
4
.
4
77
.5
17
.1
1
.
0
  
  
Table 45
MAJOR lAND
USES, PLANN
ING SUBAREA
4.2, GREAT
IAKES REGIO
N
 
Forest
No Major Use
Urban
-Conn
wrcia
1-Ind
ustri
al
Agric
ultur
e
Close
Grown
Acres
 
Row
Crop
Acr
e:
Rest
-
Com
er-
denttsl clal
Acres
Acres
Acres H
ectares
1
Subtotal
Subtotal
Subtota1
 
Wet
lan
d
Acr
es
 
Water
Acres
 
Pasture
Acres
Acres Hecta
res 1
Acres Hectares 1 Acres Hectares 1
County
 
1
4
8
Indi
ana
Adana
Al
le
n
De
Ka
lb
36
00
5
5
4
2
0
29280
I
l
I 3
600
I67
060
I29260
I
116
40
1450
271
40
118
50
1
.
6
15.6
12.5
135
970
192
990
126
050
139
00
28700
193
00
r
I
37340
I18721
0
52710
|27440
0
44750 I190100
I
757
90
111
090
76960
84.8
63
.9
81
.2
27660
864
80
13
20
0
111
90
35010
5
3
4
0
12.5
20.1
5.6
2340
1490
16
60
h
-
—
—
.
—
- 2
340
14
90
1660
940
600
670
1.1
0.3
0.7
State Total
I
199
940
40460 11.3
I
6
5
1
7
1
0
263850
73.7 12
73
40 515
50
1
4
.
4
1
7
-
54
90
2220 0.6
Ohio
All
en
Augl
alze
 
Crawford
Defiance
Erie
Fulton
Han
coc
k
ﬁen
ry
Huron
Inc
as
Mer
cer
Ottawa
Pauldtng
Putnam
 
20650
220
20
4
0
5
0
5630
8570
19450
4250
13400
39
50
67520
17580
114
00
8980
22380
I20
650
122020
I 4050
I 5630
l
6
5
7
0
519
450
‘
4250
134
00
010I 4760
8930 I 76450
Il7
580
[11
400
8940 17920
I
122380
8360
3910
16
30
2270
3460
7870
17
20
54
20
19
20
30950
7110
46
10
7250
90
60
7.9
8.5
1.
6
2.1
5.1
7
.
5
1
.
2
5.
0
1.5
34
.0
5.8
6.6
6.7
7
.
2
 
156
070
141380
122
580
123560
40230
150
410
208850
198
500
195
370
839
10
177
080
79050
182
450
157
290
19
80
0
25900
24000
21700
106
00
24100
29800
320
00
8900
371
00
144
60
32900
23600
T
I
l215040
,204230
I214060
I21
362
0
,129
690
[203
520
|304220
I234
43o
I243260
l121
790
.255
090
,148
970
.228580
1262610
391
70
36950
674
90
733
60
78870
29020
655
60
39
30
22890
28980
409
10
554
60
13230
817
20
870
60
826
80
866
60
885
10
525
00
823
90
12
31
60
94
91
0
100
510
49300
103
270
603
10
925
40
106
310
82
.0
79
.0
82.8
82.9
76.5
78.1
89
.3
87
.2
78.0
54
.2
84.6
86.5
85.6
8
4
.
4
 
26450
30
43
0
40350
372
50
24570
234
10
31
24
0
19
36
0
63
45
0
20050
197
20
11790
195
80
23720
107
00
123
10
163
30
15
08
0
9
9
4
0
94
70
126
40
78
30
256
80
81
10
7980
47
70
7
9
2
0
96
00
10.1
11
.8
15
.6
14
.1
14.5
9.0
9
.
2
7
.
2
19.9
8.9
6.5
6.8
7.3
7.6
 
260
18
90
100
7
0
67
70
14090
780
15
70
16
10
63
50
9060
17
0
2330
2110
63
0
_
.
.
_
-
_
—
_
-
_
—
260
18
90
10
0
2180
67
70
14
09
0
780
15
70
16
10
63
50
90
60
800
2330
10
0
760
40
880
27
40
57
00
31
0
63
0
6
5
0
2570
3660
320
9
4
0
0.1
0.7
0.0
0.8
4.0
5.
4
0
.
2
0.6
0
.
5
2.8
3.
0
0.3
0.7
 
 
 1
4
9
  
 
4
5
C
o
n
t
.
Urb
an-
Com
mer
cia
l-I
ndu
str
ial
Agr
icu
ltu
re
For
est
No
Maj
or
Use
 
Re
si
-
Co
mm
er
-
Ro
w
Cl
os
e
b
den
tia
l
cia
l
5“
tor
al
Cro
p
Cro
wn
Pas
tur
e
Hat
er
Wet
lan
d
Cou
nty
Acr
es
Acr
es
Acr
es
Hec
tar
es
1
Acr
es
Acr
es
Acr
es
Acr
es
Hec
tar
es
Z
Acr
es
Hec
tar
es
1
Acr
es
Acr
es
Acr
es
Hec
tar
eo
Z
l
I
1
Ohi
o
I
|
'
San
dus
ky
143
90
1 1
439
0
582
0
5.4
119
890
231
00
879
40‘
230
930
934
90
86.
7
184
40
746
0
6.9
252
0
252
0
102
0
0.9
276
0
111
0
0.8
163
050
378
00
101
630
:
302
480
122
460
85.
8
473
70
191
70
13.
4
30
1
30
10
0.0
179
00
724
0
6.8
201
860
234
00
123
101
237
570
961
80
90.
8
608
0
246
0
2.3
210
I
210
80
0.1
119
30
482
0
4.4
117
100
263
00
655
20'
208
920
845
80
77.
5
459
90
186
10
17.
1
310
230
0
| 2
610
105
0
1.0
235
30
952
0
5.9
181
800
362
30
131
650
:
349
680
141
570
88.
0
227
40
920
0
5.7
149
0
I
149
0
600
0.4
224
0
900
0.9
117
710
273
00
784
70!
223
480
904
70
86.
0
339
80
137
50
13.
1
150
150
60
0.1
Subt
otal
Subt
otal
   
Se
ne
ca
27
60
Va
n
We
rt
17
90
0
Wi
ll
ia
ms
119
30
Wo
od
23
53
0
WY
an
do
t
22
40
_
-
_
.
_
_
.
_
_
,
4
Sta
te
Tot
al
321
260
130
060
5.9
:45
421
70
183
893
0
82.
8
565
970
229
130
10.
3
548
00
221
80
1.0
i
421
200
170
520
6.6
151
938
80
210
278
0
81.
6
693
310
280
690
10.
9
Su
ba
re
a
To
ta
l
60
29
0
24
40
0
0.
9
 
 
 
 
  
.
.
—
_
_
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Planning Subarea 4.3
 
Figure
68
shows
those
counties
contained
in
Planning
Subarea
4.3.
The
major
land
use
in
Planning
Subarea
4.3
presented
by
county
are
shown
in
Table
46.
Table
47
presents
the
major
land
uses
for
Planning
Subarea
4.3 by state.
The
land
use
tabulations
presented
in
these
tables
were
derived
by
LARS
using
1974
state—of—the—art
LANDSAT
analyses
technology.
The
areas
shown
may
not
match
those
in
other
tabulations
of
land
use
information
due
to
differences
in
procedures
used,
land
use
category
definitions,
or
the date of inventory.
The
county
boundaries
and
the
area
classified
may
not
exactly
agree
since
the
area
chosen
as
the
county
in
the
LANDSAT
data
could
only
be
approximated.
The
approximated
county
boundaries
were
located
using
Visible
features
within the
LANDSAT
data
such as
streams,
lakes,
cities,
major highways, etc.
In a
few predominantly
rural
counties,
insufficient
reference
data
were
available
to
train
the
computer
properly
to identify
an urban
class.
Maps of these counties do not reflect an Urban (red) category but contain
only the following categories:
Agriculture
(yellow),
Forestry
(green)
No Major Use
(blue), and perhaps Clouds
(white) and Cloud Shadow (black).
This land use inventory was prepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted
in the combination of urban and rural features into a single
category.
As a result some maps reflect large amounts of the Urban (red)
category scattered throughout the county.
These areas represent data
points which have similar reflectance characteristics and are spectrally
inseparable.
They generally include urban areas, light colored and sandy
soils without surface cover, and farmsteads.
This must be considered when
using the Land Use tables as the area estimated for the urban category
may be high.
150
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 COLOR COUNTY LAND USE MAPS
County
maps
for
Planning
Subarea
4.3
are
not
included
in
this
volume
due
to
technical
difficulties
incurred
in
the
mapping
processes.
 
152-160
  
 1
6
1
Acres
Tabl
e 46
MAJOR LAND USES IN PLANNING SUEAREA 4.3 BY COUNTY - GREAT LAKES REGION
Hectares Percent
Acres
Hectares
Ashtsbula County, Ohio
451840
Lake County, Ohio
182930
148490
60110
Urban-Commetcial-Industrial
Residential
Cmercial
Agric
ultur
e
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Wat
er
Wetland
26940
211160
204820
8920
26940
20590
8400
182170
5350
3
5
7
0
10900
Urban-Commercial-Industrial
Residential
Commercial
27260
10900
85480
46.7
Agriculture
87680
Row Crop
Close Grown Crop
Pasture
8330
4 6
3400
1.9
73750
40 3
82920
36
10
27900
5650
Forest
No Major Use
Wat
er
Wetl
and
2160
1 2
1440
0.8
23080
4180
80
87600
3
7
1
0
1940
11030
35490
11290
2280
9340
1690
3
0
35460
1500
Cuyahoga County, Ohio
291850 118150
Lorain County, Ohio
316790
128250
Urban-Connercial-Industrial
Residential
Comnercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Hater
Wet
lan
d
210090
42450
37210
2100
158280
51810
25500
16950
2100
85050
72.0
Urban-Connnrcial-Industrial
36720
Residential
Connercis 1
NAgriculture
Row Crop
- Close Grown Crop
Pasture
64080
20970
17180
14.5
228650
10320
6860
150
60
850
12.7
0
.
7
28800
22620
Forest
No Major Use
Water
Wet
lan
d
850
36720
66750
9700
152200
22620
14860
92570
11650
9150
14860
27020
3920
61610
9150
7
.
1
Geauga County, Ohio 261110
105710
Medina County, Ohio
272000
110120
 
Urban-Commercisl-Industrial
Residential
Comercial
Agric
ultur
e
Row Crop
Close Grown Crop
Pasture
Forest
lo Major Use
Hater
Wetland
 
3610
140090
1
1
4
3
0
0
3110
2
5
6
0
1050
4620
132870
17
10
1400
 
1460
1.4
Urban-Cannercial-Industrial
20300
Residential
Camercial
Agriculture
Row Crop
Close Grown Crop
Pasture
1030
1 0
420
0.4
56710
53.7
184700
1870
1 8
1050 1.0
53790
0 9
46270
43.8
1250 1.2
690
0.7
560 0.5
57510
94
90
Forest
No Hajor Use
Water
Wetland
   
20300
17410
11300
155990
9490
 
8210
74770
23280
3840
8210
7040
4570
63150
3840
 
 
 
  
1
6
2
46
Cont.
Ac
re
s
Hectares
Perc
ent
 
Por
tag
e
Cou
nty
,
Ohi
o 32
384
0
131
100
Ur
ba
no
Co
un
cr
cl
al
-I
nd
ua
tr
ia
l
Res
ide
nti
al
Cu
rc
ta
l
Agr
icu
ltu
re
low
Crop
Clos
e Gr
own
Crop
Paa
tute
tor
eat
No Maj
or Us
e
wat
er
We
tl
an
d
198
50
238460
62270
3260
139
20
59
30
1040
98
00
227610
18
60
1400
8030
55
30
2400
965
40
420
3960
92140
25210
13
10
75
0
S6
0
6.1
73.6
1
9
.
2
1
.
0
mam
a:
Cou
nty
. O
hio
266
180
107760
 
U:b
an-
Cou
nnt
cla
l-I
ndu
atr
ial
Res
ide
nti
al
Comme
rcial
Agr
icu
ltu
re
Row
Crop
Clos
e Gr
own
Crop
Past
ure
For
est
No
Maj
or
Ute
Wa
te
r
We
tl
an
d
 
128
080
60600
614
50
160
50
79
36
0
48720
1300
59
30
0
3800
122
50
 
518
50
32120
197
20
24530
520
24000
248
70
64
90
15
30
4950
 
4
8
.
1
22.8
2
3
.
1
6.0
   
Table 47
MAJOR LAND USES, PLANNING SUBAREA [0.3, GREAT LAKES REGION
 
Urban-Commercial-Industrial
Agriculture
Forest
No Major Useﬁ
 
Rut- Comet-
Row Close
deutlal €111
subtot‘l
CrOP
Crown Pasture
SUbtotal
Water Wetland
County
Acre.
Acre.
Acres Hectaree
Z
Acres
Acres
Acres
Acres Hectares
Z
Acres Hectares
2
Acres
Acres
Acres Hectarel
1
Subtotal
   
1
6
3
 
.
1
Ohio ‘ l l
Alhtabule
26940
| 26940
10900
6.0
20590
8400 182170: 211160
85480 46.7 204820
82920 45.3
5350
3570
Cuyahoga
F58280
51810 1210090
85050 72.0
25500
1695)I 42450
17180 14.5 37210
15060 12.7
2100
Genus.
2560
1050 I
3610
1460
1.4
4620
2600
132870; 140090
56710
53.7 114300
46270 43.8
1710
1400
Lake
23080
4180 I 27260
11030
18.4
80
87600!
87680
35490
59.0
27900
11290 18.8
3710
1940
lorain
36720
I 36720
14860
11.6
66750
9700
152200! 228650
92570
72.2
28800
11650
9.1
22620
Medina
20300
I 20300
8210
7.5
17410
11300
155990: 184700
74770
67.9
57510
23280 21.1
9490
Portage
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SPECIALIZED LAND USES
LAKE ERIE BASIN — CATEGORIES
Eight categories covering the more significant nonpoint sources of
pollution affecting the water quality of the Great Lakes are considered in
this section. The categories are: (1) liquid waste disposal areas, (2) solid
waste disposal areas, (3) dredge spoil disposal, (4) deep—well disposal,
(5) lakeshore and riverbank erosion, (6) intensive livestock operations,
(7) high density, nonsewered residential areas, and (8) recreational lands.
Disposal Operations
Four disposal operations are included in this section. They are liquid
waste, solid waste, dredge Spoil, and deep—well disposal. Liquid waste
disposal is defined to be the application of wastewater on land. Solid waste
disposal sites include sanitary landfills, modified landfills, open dumps,
and disposal sites for construction debris. Dredging is defined as the
process of removing bottom materials from underwater and their subsequent
disposal. Both nearshore and open water dumping are important, because lake
currents can result in nearshore contamination from open water dumping. Deep—
well disposal operations involve the injection underground of liquid wastes.
Originally used for oil field brines, in the past 30 years there has been an
increasing number of other types of wastes injected by deep—well disposal.
Liquid Waste Disposal
 
Land disposal of liquid waste has been used for some time as an
alternative method of depositing municipal and industrial effluents. This is
accomplished by using the soils to filter the wastewaters and sludges applied
to it.
Depending on the composition of wastes, site characteristics, and
other factors, land application methods may differ. The fOur primary types
of liquid waste disposal utilize either lagoon storage, spray irrigation,
septic tank tile fields, or direct application to the surface of ground. All
four types of discharge require soils with at least moderate permeability.
Lagooning of wastes usually is employed where large volumes must be disposed
of, and has the limitation that during the storage of wastes in lagoons,
odors and other nuisances may result. Spray irrigation can be used in con—
junction with agricultural or silvicultural operations, and in this connec-
tion provides a nutrient base for various crops. Where there are moderate
amounts of waste to be discharged, septic tanks in conjunction with tile
fields are most often utilized.
Impacts on water quality will vary according to site characteristics.
Potential pollutants are organic compounds, heavy metals, nitrogen (organic
and ammonium), phosphorus, inorganic ions, suspended solids, and pathogens.
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 Ground waters can be affected in different ways according to soil types and
the application technique used. The use of lagoon systems is more likely
to affect ground water quality than will spray irrigation techniques.
However, this depends on the amount and types of effluents applied and the
porocity of the soil.
It was determined from state records that at the present time this
basin has over 160 liquid waste disposal operations. It is difficult to
determine whether or not this disposal method will increase in use, although
most of the states in the Lake Erie basin seem to have a favorable outlook
towards this method of disposal.
Table 50
LIQUID WASTE DISPOSAL, 1973(l)(2b)
Type of Discharge
 
Lake Erie
basin
PSA
PSA
PSA
PSA
Surface
Number Spray Septic Tank of
Operations Municipal Industrial Lagoon Irrigation Tile Field Ground
164 11 153
4.1 157 10 147 60 1 64 26
4.2 7 l 6
4.3
4.4
 
'Data for areas outside of Michigan was not as complete as the data
for P.S.A. 4.1, therefore additional operations may exist in these areas, but
the information was not available at the time of the preparation of this report.
Solid Waste Disposal
 
Contamination of nearshore lake waters by landfills can result
from indirect processes. The carriers of contaminants will be water or air.
For water to act as a carrier, it must first become contaminated by a land—
fill and it then must reachlake waters. For air to act as a carrier of
contaminants into the lake waters, it must first incorporate landfill decompo-
sition gases and it then must contact and dissolve in the lake waters.
Many conditions are involved in establishing efficient landfill
sites. Such conditions include the consideration of climate, geology, hydro-
logy, and soils.
Parts of both the southwestern and the eastern end of Lake Erie
are not composed of glacial lake deposits and so will have a higher degree of
permeability than will areas of glacial lake deposits. Infiltration rates,
indicating the amount of surface water that percolates into the ground water
regime, are only moderately high in this lake basin. Leachates are produced
by water infiltrating and percolating through the landfill and into ground
3
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 water supplies; or produced from saturation by high ground water tables that
come into contact with the buried refusa. The types of pollutants that may
arise are directly related to the type of refuse present and the manner of
disposal. However, leachates are uSually characterized as being high in
biochemical oxygen demand (BOD), dissolved chemicals (iron, chloride, sodium),
hardness, acids, and nitrates (organic decomposition).
In general, the five states within the Lake Erie basin feel that
adequate legislation for controlling pollution from solid waste disposal
facilities is available. Local problems that exist are considered correctable
under their current permit and licensing systems. With new licensing pro~
cedures taking effect in regard to open dumps, it is expected that problems
from solid waste disposal sites will decrease in the future. There will
continue to be problems resulting from abandoned dump sites improperly closed
and not adequately sealed off to rodents and leaching problems. Obtainable
information concerning diSposal sites was incomplete as to the precise type
of operation.
Table 51
SOLID WASTE DISPOSAL SITES, 1973(1)(2C)
 
Sanitary Open Other, Or Not
Total Landfills Dumps Identified
Lake Erie basin 350 15 1 334
PSA 4.1 123 15 1 107
PS
A
4.
2
44
—
—
44
PSA 4.3 65 — - 65
PSA 4.4 118 - — 118
Dredging and Artificial Fill
Dredging is the process of excavating bottom material underwater
and disposing of it in suitable areas to assure that harbors will have
sufficient width and depth for commercial and recreational boating. This
removal includes the soft sediments and/or the hard bottoms of limestone and
compacted clays.
Due to population and industrial development in the Lake'Erie basin,
some
of t
he s
edim
ent
that
is r
emov
ed b
y dr
edgi
ng a
ctiv
itie
s ha
s be
en p
ollu
ted
by municipal, industrial, and agricultural activities. Potential pollutants
that are common to the affected sediments include nitrates, phosphates,
organic matter, pH, alkalinity, chlorides, iron, oil and grease, mercury,
lead and zinc.
Federal legislation concerned with polluted dredge spoil was
enac
ted
in 1
970
(P.L
. 9
1-61
1).
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to
be
dis
pos
ed
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in
ope
n
lake areas even though it is designated as polluted.
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Even
thou
gh
prop
er de
sign
, op
erat
ion,
and
main
tena
nce
of
disposal wells may beused, without suitable geologic conditions it is
difficult to insure against the seepage of wastes along fractured zones.
Future use of deep-well disposal is difficult to determine for
the Lake Erie basin. Due to either geologic or legislative reasons, it is
doubtful that some areas (Pennsylvania, Ohio, New York) will see an increase
in deep—well disposal. In other parts of the lake basin (Michigan) it is
strongly suspected that more wells will be used, but with much more caution
in their construction and operation.
Table 53
DEEP—WELL DISPOSAL SITES(1) (2d)
 
 
 
 
Nugget Type of Wastes
Sites Industrial Brines Other
Lake Erie
basin 16 12 l 3
PSA 4.1 8 5 3(sludge)
PSA 4.2 3 3
PSA 4.3 2 l l
PSA 4.4 3 3
Erosion
Erosion along the land—water interface occurs in two particular areas-—
lakeshore and riverbank zones. On one hand, lakeshore erosion contributes
sizable amounts of sediment into the nearshore area. However, most of this
sediment does not contain nutrients or pesticide materials, and therefore
its major effect on surface waters is by increasing nearshore turbidity and
smothering of benthic biota. Riverbank erosion, on the other hand, contri-
butes sizable amounts of nutrient and pesticide materials from surrounding
lands captured in the sediment. In balance, riverbank erosion may have
significantly greater impacts upon water quality in the Lake Erie area than
lakeshore erosion.
Lakeshore Erosion
Three primary factors control the amount of erosion on Lake Erie's
shorelines. The first is the physical nature of the shoreline. A large
portion of the Lake Erie shore consists of erodible shore types such as
erodible bluffs and plain areas. I
A second factor contributing to shoreline erosion is the combina-
tion of lake levels and storm intensity and frequency. As a rule, the higher
the lake level and the more frequent and intense the storms, the greater the
erosive force and therefore erosion and lakeshore recession will occur more
rapidly. At present, Lake Erie is experiencing unusually high lake levels
and consequently the erosion of shorelines is greater than normal. This
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Protected shoreline areas account for more than one-third (35.5%)
of the shore totalling 195 kilometers (121 miles). These areas are protected
by s
eawa
lls
or d
ikin
g sy
stem
s to
prev
ent
eros
ionf
rom
occu
rrin
g.
Shor
elin
es
subject to flooding account for 12.8 percent or 70 kilometers (44 miles) on
Lake Erie. Forty—nine percent of the shore along the St. Clair River, Lake
St. Clair, and the Detroit River is composed of artificial fill areas.
Thirty—five percent is erodible low bluff or erodible low plains, while
16 percent is wetlands.
Again, it must be remembered that these are economic estimates and
probably significantly understate the amount of geological erosion and sedi—
mentation occurring in areas which may not show up under the economic loss
estimates. All shoreland areas are subject to some degree of erosion and the
vast majority of shoreland areas not included in the critical erosion cate-
gories may in the aggregate account for more sedimentation from erosion to
the Lake Erie basin than from critically erodible zones.
Table 55
A
LAKE ERIE SHORELINE EROSION 1970( )
Shoreline Percent
Kilometers Miles Of Total
1. Existing miles of shoreline l/ 627,7 390,1 100
2. Critical erosion areas 33.1 20.6 5.2
3. Noncritical erosion 137.2 85.3 21.9
4. Protected shoreline 246.3 153.1 39.2
5. Shoreline subject to flooding 100.7 » 62.6 16.1
6. Shoreline not subject to
flooding or erosion 110.2 68.5 17.6
1] Does not include St. Clair and Detroit River shoreline
Riverbank Erosion
Riverbank erosion can be caused by direct abrasion, undercutting,
or sloughing, or from a combination of these processes. It is a natural
geologic phenomena by which valley development occurs as a result of gradual
lateral widening. Existing floodplain land and land along the valley sides
is lost or otherwise altered by lateral cutting and undermining. Serious
damages can also result when man's activities accelerate this natural process
In addition to the obvious loss of land and natural resources, agri
cultural and urban improvements on this land also result in increased sedi-
mentation, nutrients, and other contaminants entering the waters.
The effects on water quality from riverbank erosion are particularl
noticeable in newly developing urbanareas. Urban development usually leads
to increasing runoff due to the decline in permeable surfaces which can
absorb storm waters. Increased runoff can lead to greater bank cutting and
sloughing. The resulting sediment loads from eroding riverbanks in urban
environments canbecome a major source of sediment in water.
Estimates range from an average of 2.47 metric tons of sediment per
square kilometer (7 tons per square mile) eroded from streambanks yearly to a
186
 high as 15.8 metric tons per square kilometer (45 tons per square mile) for
streams draining less than 1,036 kilometers (400 square miles).(5) An
average of 9.5 metric tons per square kilometer (27 tons per square mile) for
the entire Great Lakes Basin was found. The erosion is summarized in bank
lengths (a length of streambank erosion would be erosion on only one side of
a stream channel). The term "serious streambank erosion" is a working term
to separate those areas which appear to have sizable damages, i.e., damages
detrimental to one or more wide variety of interests. Furthermore, damage by
serious streambank erosion warrants further Study to determine if some form
of streambank erosion protection is justified. Moderate streambank erosion
includes those areas that have some damage, but under present conditions do
not appear to warrant further study because installation of a protective
measure will not produce sufficient benefits.
For the Lake Erie basin, there are 987 kilometers (614 miles) of
severe erosion and 3,277 kilometers (2,037 miles) of moderate erosion.
Table 56
TOTAL LENGTH OF RIVERBANK EROSION 1969(5)
Moderate Severe Total
PSA 4.1 km. 828 485 1,314
mi. 515 302 817
PSA 4.2 km. 1,464 228 1,692
mi. 910 142 1,052
PSA 4.3 km. 516 157 674
mi. 321 98 419
PSA 4.4 km. 468 115 584
mi. 291 72 363
Lake Erie km. 3,277 987 4,265
Total mi. 2,037 614 2,651
Intensive Livestock Operations
 
In recent years attention has been given to the water quality problems
caused by agricultural wastes due to changes primarily in agricultural pro-
duction practices. For economical reasons, livestock production has become
increasingly concentrated in larger operations, increasing the confinement
of the numbers of animals per livestock operation.
The following definition of an intensive livestock operation was
established for this study: "A facility capable of holding animals on land
not used for the growing of crops or vegetation." The numbers of animals
used for this definition are 100 or more head of cattle (available data did
not allow identification for beef and dairy), 200 or more swine, 10,000 or
more poultry. These standards are presented by Dr. R. C. Loehr for intensive
animal feedlots, based upon what was felt to be apprOpriate size that would
be a large single enterprise operation, operating at a respectable profit.(za)
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The potential contaminants from livestock operations include organics
and inorganics, nutrients, bacteria, solids, and soluble materials. 0f
greatest concern are nitrates and phosphates, bacterial contamination, and
high BOD rates.
The magnitude of the problems of livestock operations within the Lake
Erie basin is not accurately known and can only be estimated. This is due
to the difficulty of obtaining the needed information. Lake Erie does,
however, have a large number of feedlots when compared to the other lake
basins. It is second only to Lake Michigan with a total of 3,167 feedlots.
Local problems have been serious in the past regarding feedlots, but this
should decrease in the future assuming full enforcement of EPA's regulations
Table 57
NUMBER OF INTENSIVE LIVESTOCK OPERATIONS (1969)(23’6)
  
Poultry Cattle Swine
With 10,000 With 100 With 200
or more or more or more Total
Lake Erie
basin 206 1,816 1,145 3,167
PSA 4 1 18 570 140 692
PSA 4.2 153 731 1,013 1,897
PSA 4 3 18 136 18 172
PSA 4 4 17 379 10 406
High Density, Nonsewered Residential Areas
There has been an increasing awareness that other aspects of sewage
disposal should be accounted for as well as strictly public health aspects.
One particular impact is the effect sewage effluents have on water quality.
They may
create water
quality problems
such
as nutrient
enrichment,
heavy
concentrations
of certain
chemical
compounds
detrimental
to
surface water
uses, or effects on the general aesthetic characteristics of nearby aquatic
environments.
While
there are no
figures
available
on
the
magnitude
of
problems associated with these systems, it could be severe at local levels.
The Lake Erie basin contains over 3.6 million total housing units with
15 percent,
or 580,000 of these units being nonsewered households.
0f the
580,000 nonsewered units over 220,000 are in urban areas and nearly 360,000
are in rural nonfarm areas.
These figures were obtained from the 1970 Censu
of Housing Characteristics Reports.(7
  
 
 Table 58
HIGH DENSITY, NONSEWERED RESIDENTIAL AREAS , 1970(7)
 
NONSEH§§§2 gQUSEBOLDS
 
Urban
Rural Non-Farm
Combined
Percent
Percent
Percent
Total
0f Total
Of Total
of Total
Housing
Housing
Housing
Housing
Units
Number
Units
Number
Units
Numbor
Units
Lake Erie
basin
3,570,660
220,480
6
359,723
9
580,203
15
PSA
4.1
1,522,783
92,877
6
110,283
7
203.160
13
PSA
4.2
555,832
32,216
6
99,503
18
131,719
24
PSA 4.3
997,890
76,586
8
65,596
7
142,182
16
PSA
4.4
594,155
18,801
3
86,361
1‘
103,162
17
Recreational Land Use
Most of the focus in the Lake Erie basin for recreational development is
on the lake.
Lake Erie is more shallow than the other Great Lakes and this,
combined with its southerly location, means that it is warmer and suitable
for recreational activities for a longer portion of the year than the other
Great Lakes.
Because of the large urban population from Detroit to the
Buffalo-Niagara area, there is much pressure on available recreational
facilities.
Natural features such as the islands in the western end of the
lakes, and Niagara Falls on the Niagara River attract many visitors yearly.
Some problems for recreational land use which will have an effect on water
quality are the relative lack of inland lakes and navigable rivers and
streams in Planning Subareas 4.2, 4.3, and 4.4;
the lack of shelter and
presence of bluffs along the shoreline at the eastern end of the lake;
pollution on the lake from non-recreational sources;
and the large amount
of shoreline in private ownership.
Because of the lack of inland lakes and
navigable streams in much of the basin and pollution problems on Lake Erie,
there is much pressure on available lakes and impoundments for recreational
swimming, boating and fishing.
Boating is hampered by lack of shelter in some
areas along the lake shore and lack of inland facilities in much of the area.
Private ownership on much of the lakeshore means heavier usage at available
public sites.
Activities are primarily oriented towards day use-~swimming,
boating, golf, and fishing are popular. Urban parks, with possible runoff and
erosion problems, are found throughout the area, due to the large urban popu-
lation. Camping facilities are not as widespread as in the northern portions
of the Great Lakes Basin, and consists largely of the more developed type.
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 Table 59
SUMMARY OF RECREATIONAL AREAS AND ACTIVITIESl970<8>
ACTIVITIES
   
wa
te
r
Or
ie
nt
ed
Ac
ti
vi
ti
es
Q£
h2
£_
§2
52
55
_5
3£
$3
£
Parking . ‘
Svi'
ging
Picn
icki
ng
Camp
ing
Gene
ral
Boa
tiﬂ
Plax
fiel
ds
92
Lake Erie
but
.
750
4,12
0
2,92
0
1,53
0
410
12.1
80
33,:
23A
b.1
260
1,16
0
380
350
260
3,94‘
0
2.:
PSA ‘.2 90 870 480 220 10 3,730 10.‘
PSA
4.)
2%
900
1,24
0
480
70
4 .0
00
18.1
ISA
lo.‘
200
1,19
0
820
680
40
510
24
A C T I V I 1‘ I E 5
Water
Winter Activities Surface Total Area
Skiing Sledding Ice Skating Boating
Lake Erie
basin 300 0 340 457,000 513,190
PSA L1 230 0 50 191,000 199,830
PSA LI 0 0 170 85,000 103,220
PSA 6.3 60 0 100 84,000 109,650
PSA 6.‘ 10 0 20 97,000 102,670
To Convert Fro. 1g Multiplz 31
Acres (acre) Hectares (ha) 0.1.05
PLANNING SUBAREA 4.1
Disposal Operations
Due to the urbanization and industrialization in Planning Subarea 4.1
all four of the disposal operations are used. This area has more disposa
sites in each of the four categories than any of the other Lake Erie
planning subareas.
Liquid Waste Disposal
Over 95 percent of the liquid waste disposal sites in the Lake
Erie basin are found in Planning Subarea 4.1. These are nearly all in—
dustrial operations with only ten municipalities known to use this method
Table 60
,LIQUID WASTE DISPOSAL 1973(1)
Type of Discharge
 
ﬁat:
W Spray Septic Tank of
Operations Municipal Industrial Lagoon Irrigation Tile Field Grout
PSA 1; . 1
Michigan
Lenauee l7 1 16 9 5 3
Livingston 17 2 15 8 6 l
Hacomb 20 2 l8 6 9 It
Monroe 3 3 3
Oakland ‘6 ’0 42 20 l 16 6
St. Clair 10 1 9 1 5 4
Sanilac 8 8 3 4 1
"ashtemv 16 16 - 4 ll I
"sync 20 20 9 5 6
TOTAL 157 10 11:7 60 1 6’0 26
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Solid Waste Disposal
 
In Planning Subarea 4.1, there are a total of 123 solid waste
disposal sites comprised of landfills, modified landfills, and construction
debris disposal sites. Detailed information was not always available concern—
ing the precise type of disposal operation. Wayne County, Michigan has one-
fifth of the total number of landfill sites, with 26 out of the 123 in Planning
Subarea 4.1.
Table 61
SOLID WASTE DISPOSAL SITES BY COUNTY 1973(1)
 
Type lot Sanitary Modified Open Construction Population
You]. ‘ Identified Landf111 Landf 111 Dog Debria Served Acreage
PSA 4 . 1
Hichigan
Lenawee 9 7 2 — — — - _
Livingston 4 3 1 — — — - 51 , 5
Hacomb 20 11 8 1 — — _. _
Monroe 15 15 - — — — - _
Oakland 17 11 — — — - - ..
St . C
lair
10
8
2
—
-
—
_
_
Sanil
ac
15
15
-
-
—
_
-
-
Hashtenaw 7 7 - — — — _ -
Wayne 26 23 2 -— — 1 - ..
TOTAL 1 23 106 1 5 1 - 1 - 51 . 5
To Convert Fro- T_o Mltiply B!
Actea (acre) Hectares (ha) 0. 405
Dredge Spoil Disposal
On an average annual basis, seven sites are dredged in Planning
Subarea 4.1. The average annual volume of dredge spoil is 714,109 cubic
meters (934,087 cubic yards). Ninety percent of this dredge spoil contains
polluted sediments requiring confinement.
Table 62
AVE
RAG
E A
NNU
AL
VOL
UME
OF
DRE
DGE
SPO
IL
DIS
POS
AL
(19
61—
197
0)(
3)
Ann
ual
Ave
ra
ge
Pol
lut
ed
Sed
ime
nts
Dr
ed
gi
ng
Re
qu
ir
in
g
Co
nf
in
em
en
t
Total
Num
ber
Cub
ic
Cub
ic
Cub
ic
Cub
ic
PSA
4.1
Of
Sit
es
Met
ers
Yar
ds
Met
ers
Yar
ds
Michigan
Len
awe
e
-
-
-
—
-
Liv
ing
sto
n
-
—
-
-
—
Mac
omb
2
93,
405
122
,17
8
91,
647
119
,87
8
Mon
roe
2
147
,82
8
193
,36
6
146
,15
9
191
,18
2
Oak
lan
d
-
—
-
-
—
St.
Cla
ir
1
70,
269
91,
915
-
-
Sa
ni
la
c
—
—
—
-
-
Was
hte
naw
-
-
—
-
—
Way
ne
2
402
,60
7
526
,62
8
402
,60
7
526
,62
8
TOT
AL
7
714
, 1
09
934
,08
7
640
,41
3
837
,68
8
191
Deep—Well Disposal
Planning Subarea 4.1 contains one-half (8) of the deep—well
disposal sites in the Lake Erie basin. These are found in just two of
the counties within the planning subarea. Six are in Wayne County and
two are in Oakland County.
    
Table 63
l
DEEP—WELL DISPOSAL SITES l973< )
Type of Wastes
Number Range of Geologic
of Sites Depths Formations Industrial Brines 9t
PSA 4.1
Michigan
Lenawee - - — — —
Livingston - — - - —
Macomb - - - — —
Monroe - — — - —
Oakland 2 1053'- Sylvania 2 —
1840'
St. Clair — — — — —
Sanilac — — — — —
Washtenaw — — — - —
Wayne
6
563'—
Sylvania;
3
-
4110' Mt. Simon; (slu
Salina
TOTAL 8 — — - _
Erosion
Lakeshore Erosion
The shore Eypes of Lake Erie and Lake St. Clair are important
a consideration of the amount of geologic erosion in this lake basin.
Table 67 indicates the approximate mileage of the various shore types.
In Planning Subarea 4.1 there are 130 kilometers (79.5 miles)
shoreline on Lake Erie and Lake St. Clair. Of this total, all is classi
fied as being subject to flooding or erosion. Sixty—four percent is
subject to flooding and 36 percent to erosion.
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Table 64
SHORE TYPES - PLANNING SUBAREA 4.1 1970(4)
  
Miles
ARTIFICIAL FILL AREA A 44
ERODIBLE HIGH BLUFF HBe 2
NON-ERODIBLE HIGH BLUFF HBn
ERODIBLE LOW BLUFF LBe l
NON-ERODIBLE LOW BLUFF LBn
HIGH SAND DUNE HD
LOW SAND DUNE LD
ERODIBLE LOW PLAIN Pe 9
NON-ERODIBLE LOW PLAIN Pn
WET LANDS W 23
TOTAL SHORE MILES 79
To Convert From Tg_ Multiply By
Miles (mi) Kilometers (km) 1.609
Table 65
SHORELINE EROSION FOR PLANNING SUBAREA 4.1 1970(4)
Kilometers Miles
1. Existing miles of shoreline}! 127.9 79.5
2. Length and location of
critical erosion areas 0 0
3. Shoreline subject to noncritical
erosion 0 O
4. Protected shoreline
45.7
28.4
5
Shoreline subject to flooding
82.2
51.1
6. Shoreline not subject to
flooding or erosion
0
0
1] Does not include St. Clair or Detroit River mileage
These estimates are inaccurate according to the 1973 survey oi
shoreline erosion conducted by the Michigan Water Development Services.
This detailed study indicates that there are 10.0 kilometers (6.2 miles)
of high risk erosion mileage in this planning subarea, all in St. Clair
County. Of this, 0.3 kilometers (0.2 miles) were in undeveloped areas.
Riverbank Erosion
A total of 1,430 kilometers (887 miles) of river banks are
considered to be experiencing either moderate or severe erosion in Plant
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ling
Subarea 4.1. From this total, 63.4 percent of 905 kilometers (563 miles)
are being moderately eroded and the remaining 520 kilometers (324 miles)
are being severely eroded. Total stream length in 4.1 is 8,880 kilometers
(5,520 miles).
Table 66
MODERATE AND SEVERE RIVERBANK EROSION 1969 (5)
(in miles)
  
Watershed
Under Over Combined
400 sq mi 400 sq mi Total
PSA 4.1
Moderate 496 67 563
Severe 316 8 324
TOTAL 812 75 887
To Convert From $2_ Multiply By
Square Miles (sq mi) Square Kilometers (sq km) 2.59
Miles (mi) Kilometers (km) 1.609
Intensive Livestock Operations
Using 1969 Census of Agriculture data it was determined that in
Planning Subarea 4.1 there were 692 major livestock operations: 18 lots
each with over 10,000 poultry; 570 lots, each with over 100 cattle; and
104 lots each with over 200 swine.
Estimates were made as to the amount of animal wastes produced from
these livestock operations based upon the findings of Dr. Loehr. fa
Using the conversion coefficients of 0.3 wet pounds of manure per day for
poultry, 50 wet pounds of manure per day for cattle, and 10 wet pounds
of manure per day for swine this planning subarea had the following
totals: poultry produced over 115,000 wet pounds per day; cattle pro-
duced over 5.2 million wet pounds per day; and swine produced over
400,000 wet pounds perday.
195
    
“OI! "I!
Ar
ti
ﬁc
ia
l
"I
I
I
t
"
.
—
—
—
—
-
—
-
I
Enﬂllo In! III"
I
I
1!
.
u
I
|
|
I
I
t
—
—
—
—
‘
-
—
-
l
l
l
I
u
-
E
u
l
i
l
l
u
I
I
I
“
I
I
I
"
    
   
 
3
0
u
.
0:
m
m
_
—
—
—
—
—
I
I
I
Er
ll
ll
ll
I.
"
II
I"
.
I
n
:
n
u
II
n
.
Il
ll
_
.
.
_
.
—
—
—
l
l
u
l
u
-
E
n
ﬁ
l
l
l
L
I
I
"
I
"
.
I
n
:
t
l
n
3
|
1t
.
Ii
gl
.
_
—
-
—
—
Ll
l
N
"
;
a
m
m
o
"
.
I|
|I
s
m
M
n
.
:
0
n
.
“
C
e
/
"
B
A
or
I
I
|
I
u
_
_
_
.
_
_
—
—
—
I
I
M
o
u
n
t
c
l
l
l
l
l
l
l
"
S
u
i
I
l
u
.
m
:
l
l
“
@
4
‘3
l
l
n
.
I
m
_
_
—
—
—
—
—
-
—
-
l
o
.
/
m
u
m
L
n
P
I
O
I
I
—
—
-
—
—
—
—
—
-
-
n
%
I
o
n
-
[
u
l
l
l
l
o
L
u
m
i
u
—
_
—
—
n
g
7
/
/
I
?
I
n
l
u
l
t
.
_
_
_
—
—
—
—
—
—
—
l
Q
u
i
n
t
i
n
:
S
I
.
"
h
:
E
l
l
-
I
l
l
l
a
h
n
r
l
/
l
u
h
u
l
—
-
—
-
—
-
I
/
h
I
I
!
"
I
I
I
"
I
a
t
o
m
I
II
I
l
l
l
"
I
l
l
"
I
ﬂ
l
t
i
l
l
I
I
I
M
O
N
R
O
E
“
i
f
|
‘
\
I
:
3
‘
3
9
%
£
9
1
9
3
-
4
,
;
0
?
Figure 87
P
S
A
4
.
1
S
H
O
R
E
T
Y
P
E
[
4
}
196
 /
V
‘
 
Table 67
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY, 1969
 
Ext
inc
ted
Liv
uut
nck
Tot
al
£62
Est
ina
tod
Ani
lll
"no
t.
Po
ul
tr
y
Ca
tt
le
Sw
in
e
No.
No.
No.
We
t
Lb
s/
Da
y
Far
ms
Num
be
r
Far
ms
Num
be
r
Far
ms
Num
be
r
Po
ul
tg
x
Cat
tle
Swi
ne
PSA 4.1
Michigan
La
na
wc
c
6
16
4,
74
0
12
2
29
,2
81
52
18
,9
80
51
,0
69
1,
49
1,
05
0
18
9,
80
0
Li
vi
ng
st
on
-
—
73
13
,1
32
5
1,
51
5
-
65
6,
50
0
15
,1
50
Ma
co
nb
-
—
17
1,
70
0
1
20
0
-
85
,0
00
2,
00
0
Mon
roe
3
30,
000
29
6,4
55
16
6,1
60
9,3
00
322
,75
0
61,
600
Oak
lan
d
-
-
32
5,2
04
2
400
-
260
,20
0
4,0
00
St.
Cl
ai
r
5
12
2,
20
0
49
10
,7
75
2
40
0
37
,8
82
53
8,
75
0
4,
00
0
San
ila
c
~
-
157
22,
358
10
3,3
02
-
1,1
19,
250
33,
020
Wa
sh
te
na
v
3
45,
000
85
14,
341
14
9,5
50
13,
950
717
,05
0
96,
600
Way
ne
1
10,
000
6
600
2
400
3,1
00
30,
000
4,0
00
TOT
AL
18
371
,94
0
570
103
,87
3
104
41,
017
115
,30
1
5,2
20,
650
410
,17
0
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nts
Iro
n
T_o
161
1:1
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I:
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nds
(1b
.)
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a13
(kg
)
0.4
54
High Density Nonsewered Residential Areas
The
tot
al
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non
sew
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tia
l
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m t
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197
0
Cen
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(ex
clu
din
g
far
ms)
for
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13
per
cen
t
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the
tot
al
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far
m h
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in
thi
s
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a.
Thi
s
13
per
cen
t
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for
ove
r
200
,00
0
hou
sin
g
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tha
t
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not
con
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to
pub
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sew
er
sys
tem
s.
Nea
rly
one
—ha
lf
(92,000) are in urban areas.
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PLANNING SUBAREA 4.2
Disposal Operations
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Liquid Waste Disposal
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Table 69
LIQUID WASTE DISPOSAL, 1973(2b)
Type of Discharge *
 
snéfice
Numb
er
Spra
y
Sept
ic T
ank
Of
Oper
atio
ns
Muni
cipa
l
Indu
stri
al
Lago
on
Irri
gati
on
Tile
Fiel
d
Grgo
qz
mu
lndiaqi
Adams - " '
Allen 1 - 1
De Kalb l - 1
Ohio
Allen - — '
Auglalze - - '
Crawford - - '
Defiance - r ‘
E:-e - - ‘
Fulton " ‘ '
Huncouk - -
ﬂenry 2 1
Huron '
Lucas
Mercer
1);-u s
l’auLJ ing
Patnsn
Sancusky
Seneca - “
van bar; — - —
Jilliass - - —
wood - — ‘
Wyandot - ' '
l
'
0
I
I
I
[
‘
3
I
H
.
I
9
\
TOTAL 3 1
*Detailed information not availasle.
Solid Taste Disposal
 
In Planning Subarea 4.2 :here are approximately 45 solid waste
disposal sites. This predominately rural region has only a few disposal
sites per county. Information was no: available to readily identify the
precise type of disposal operation. A por:ion of the southwestern shore
of Lake Erie, located in this planning subarea, is not covered by glacial
lake deposits and so will have a higher degree of permeability to leach-
ates.
 Table 70
2
SOL
ID
WAS
TE
DIS
POS
AL
SIT
ES
BY
COU
NTY
,
197
3(
C)
 
Type
Not
Sani
tary
Modi
fied
Open
Cons
truc
tion
Inpu
inti
on
Tota
l
Iden
tifi
ed
Land
fill
Land
fill
Dung
Dobg
il
Serv
ed
£5
PSA 4.2
Indiana
Adams 2 2
Allen 7 7
De Kalb 4 4
Ohio
Allen 4 4
Auglaize 2 2
Crawford 1 1
Defiance 1 1
Erie 2 2
Fulton 1 1
Ha
nc
oc
k
1
1
Henry 1 1
Huron 1 1
Lucas 4 4
Mercer 1 1
Ottawa 2 2
Paulding 1 1
PutnaI 2 2
Sandusky 1 1
Seneca 2 2
Van Wert _ _
Williams 1 1
Wood 3 3
Wyandot 1 1
TOTAL 45 45
Dredge Spoil Disposal
 
Planning Subarea 4.2 has 4 dredging operations which are
located in three Ohio counties. The three counties areErie, Lucas,
and Ottawa and they total to over 1 million cubic meters of annual
dredge spoil. Less than one percent of this total is disposed of in
open lake areas while 99 percent is disposed of in diked locations.
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Table 71
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL (l96l-l97O)(3)
 
Annual Average Polluted Sediments
Dredging Requiring Confinement
Total
Number Cubic Cubic Cubic Cubic
Of Sites Meters Yards Meters Yards
PSA 4.2
Indiana
Adams _ _ - - -
Allen _ - _ _ -
De Kalb - _ - _ -
Ohio
Allen _ - - - -
Auglaize
Crawford _ - - - -
Defiance
Erie
Fulton
Hancock
Henry
Huron
Lucas
Mercer
Ottawa
Paulding
Putnam —
Sandusky —
Seneca -
Van Wert _
Hilliams —
Hood -
Wyandot -
$52,012 591,639 422,992 553,655
I
I
N
I
828,016 1,083,791 828,016 1,083,791
l
I
-
‘
l
D
-
‘
l
l
4,554 5,961 4,554 5,961
I
I
I
I
I
I
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
TOTAL 6 1,284,582 1,681,391 1,255,562 1,663,507
Deep-Well Disposal
Only three deep—well disposal sites are known to exist in
Planning Subarea 4.2. All three are located in Allen County, Ohio,
dispose of industrial wastes, and have a depth of around 975 meters.
Erosion
Lakeshore Erosion
The shore types of Lake Erie are important in a considerati
of the amount of geologic erosion in this lake basin. Table 75 indi
the approximate mileage of the various shore types.
Planning Subarea 4.2 has 133.2 kilometers (82.8 miles) of L
Erie shoreline. Economic loss areas due to erosion cover 120.8 kilo
meters (75.2 miles) or 90.6 percent of this area. According to econ
standards there are no critical erosion areas, and noncritical erosi
areas cover 41.8 kilometers (26 miles) or 31.3 percent of the existi
miles of shoreline in Planning Subarea 4.2.
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Table 72
 
SHORE TYPES — PLANNING SUBAREA 4.2, 1970(4)
Miles
ARTIFICIAL FILL AREA A
ERODIBLE HIGH BLUFF HBe 9
NON-ERODIBLE HIGH BLUFF HBn
ERODIBLE LOW BLUFF LBe 28
NON—ERODIBLE LOW BLUFF LBn 5
HIGH SAND DUNE HD
LOW SAND DUNE LD ' 12
ERODIBLE LOW PLAIN Fe 20
NON—ERODIBLE LOW PLAIN Pn
WET LANDS W 8
TOTAL SHORE MILES 83
To Convert From Ig_ Multiplz BX
Miles (mi) Kilometers (km) 1.609
Table 73
4
SHORELINE EROSION FOR PLANNING SUBAREA 4.2 , 1970( )
Kilometers Miles
1. Existing miles of shoreline 132.5 82.5
2. Length and location of
critical erosion areas 0 0
3. Shoreline subject to noncritical
erosion 41.8 26.0
4. Protected shoreline 61.7 38.4
5. Shoreline subject to flooding 17.3 10.8
6. Shoreline not subject to
flooding or erosion 11.7 7.3
Riverbank Erosion
Planning Subarea 4.2 has over 1,400 kilometers (888 miles) of
riverbank erosion. This occurs on the over 16,090 kilometers (10,000
miles) of rivers and streams existing in the area. Severe erosion
approximates 12 percent of the total bank erosion that occurs.
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PSA 4.2 SHORE TYPE [4]
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 Table 74
MODERATE AND SEVERE RIVERBANK EROSION, 1969(5)
PSA 4.2
Moderate
Severe
TOTAL
 
Watershed
Under Over
400 sq mi 400 sq mi
651 131
82 24
733 155
Combined
782
106
888
Intensive
Livestock Production
Livestock operations are more abundant in Planning Subarea 4.2
than in other areas of this lake basin.
1,897 with the majority being swine operations.
a minimum of 200 animals, the poultry operations have a minimum of
The number of operations totals
Each swine operation has
10,000 animals, and the cattle operations have 100 head for a minimum.
Animal wastes were also estimated with poultry producing 405,399
kilograms (891,878 lbs) of wet manure per day, cattle produce 3,413,649
kilograms (7,510,028 lbs) and swine produce 1,600,586 kilograms
(3,521,290 lbs) of wet manure per day.
Table 75
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY, 1969
Estimated Lives tockTotal (6)
Estluted Ant-a1 Haste
 
Poultry Cattle Swine
“o- No‘ N“. wet Lbs/Day
Farms Number Farms Number Farms Number Poultrx Cattle ﬁlm
PSA 4. 2
lﬂﬂﬂﬂ
Adam, 24 480,400 26 3,978 87 29,851 148,924 198,900 298,510
Allen 10 298,030 43 8,107 87 31,828 89,599 405,350 318,280
De Kalb
1
10,000
34
6,061
40
12,982
3,100
303,050
129,820
Ohio
Allen 8 176,372 37 6,286 41 12,316 54,675 314,300 123,160
Auglaize
2
20,000
43
8,141
70
24,647
6,200
407 ,050
246,470
Crawford
4
53,150 36
6,413
69
22,097
16,476
320,650
220,970
Defiance
3
68,500
20
3,507
28
12,529
21,235
175,350
125,290
Erie
3
50,000
20
2,000
7
2,194
15,500
100,000
21,940
Fulton
19
316,364
122
27,060
111
45,209
98,072
1,353,000
452,090
Hancock 7 130,384 32 6,895 43 16,131 40,419 344,750 161,310
Henry
8
189,826
21
5,086
31
10,759
58,846
254,300
107,590
Huron
1
10,000
22
3,629
33
9,303
3,100
181,450
93,030
Lucas 1' 10,000 11 2, 534 17 5,549 3,100 126,700 55,490
Mercer 29 716,834 34 4,856 121 39,166 222,218 242,800 391,660
Ottawa 3 67,516 12 1,200 8 1,821 20,929 60,000 18,210
Pauldlng 2 20,000 8 957 5 1,779 6,200 47 ,850 17 ,790
Putnam 15 200,132 28 4,801 72 23,846 62,040 240,050 238,460
Sandusky 4 45,000 27 5, 295 18 6 , 666 13 ,950 264 , 750 66,660
Seneca 3 47,500 23 3,281 38 11,635 14,725 164,050 116,350
Van Hort 4 46,600 4 400 23 6,461 14,446 20,000 64,610
"11115.5 5 55,500 66 12,458 38 14,557 17,205 622,900 145,570
Hood 3 43,760 59 11,040 22 8,838 13,565 522,000 88,380
Hyandot 2 20,000 24 4,064 35 12,724 6,200 203,200 127 ,240
10111, 161 3,075,868 752 138,049 1,044 362,888 950,724 7,764,328 3,628,880
To Convert Iron '1‘_o 1411:1211 81
Pounds (lb) Kilogram (kg) 0.454
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Table 76
HI
GH
DE
NS
IT
Y,
NO
NS
EW
ER
ED
RE
SI
DE
NT
IA
L
AR
EA
S
BY
CO
UN
TY
,
19
70
(7
)
 
NONSEWERED HOUSEHOLDS
   
Ur
ba
n
Rur
al
No
n—
Fa
rm
Co
mb
in
e
Percent Percent
To
ta
l
0f
To
ta
l
of
To
ta
l
Ho
us
in
g
Ho
us
in
g
Ho
us
in
g
Uni
ts
Nu
mb
er
Un
it
s
Nu
mb
er
Uni
ts
Nu
mb
er
PSA 4.2
irritate
Adams 8,275 252 3 2,013 24 2,265
Allen 90,270 5,781 6 9,244 10 15,025
De Kalb 9,965 106 1 2,285 23 2,391
Ohio
Allen 35,452 2,961 8 5,225 15 8,186
Auglaize 12,262 92 (1 3,348 27 3,440
Crawford 16,905 237 1 3,772 22 4,009
Defiance 11,278 275 2 3,198 28 3,473
Erie 24,648 2,480 10 4,837 20 7,317
Fulton 10,285 358 4 3,267 32 3,625
Hancock 20,473 760 4 3,501 17 4,261
Henry 8,783 174 2 3,530 40 3,704
Huron 15,773 1,251 8 4,416 28 5,667
Luca
s
159,
678
13,5
57
9
6,33
9
4
19,8
96
Merc
er
10,6
16
22
<1
2,88
7
27
2,90
9
Otta
wa
12,9
68
35
(1
5,95
9
46
5,99
4
Paul
ding
6,07
2
63
I
2,95
1
49
3,01
4
putnam 8,762 87 1 3,972 45 4,059
Sand
usky
19,2
17
986
5
6,34
6
33
7,33
2
Sene
ca
18,7
72
2-8
2
5,19
4
28
5,48
2
Van
Hert
10,1
25
162
2
2,50
8
25
2,67
0
Will
iams
11,4
62
77
(1
4,00
5
35
4,08
2
Road 26,767 2,086 8 8,278 31 10,364
uyandot 7,024 126 2 2,428 35 2,554
TOTAL 555,832 32,216 6 99,503 18 131,719
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generally unbroken, except for Sandusky Bay and Maumee Bay. The Lake is
used primarily for boats in excess of 16 feet and 25 horsepower-—the
small number of inland lakes are used intensively for recreation by
smaller craft. Canoeing and opportunity for small craft boating is some-
what limited on the rivers and streams due to lack of improvements and
periodic low flows. Water quality problems from boating could occur in
the bay areas of Lake Erie from lead, nitrogen oxides, hydrocarbons, and
human wastes and litter. Also, the inland lakes, which receive heavy use
because of their small number, could have water quality problems from
shore erosion. Swimming in Lake Erie has been hampered by pollution
from non—recreational sources, but when possible, enjoys a longer season
than any of the other Great Lakes. Swimming is also important at inland
lakes and quarries. Ice fishing, with possible water quality influences
from sewage in ice houses, is important in the protected bay areas of
Lake Erie. Camping areas and children's camps are not as widespread as
those in 4.1.
The population in the area is largely rural, with urban concentra—
tions in Toledo, Fort Wayne and Lima. Urban parks and golf courses are
popular in these areas with possiblerunoff problems. Smaller city and
town parks are scattered throughout the area in the many smaller popula—
tion centers. Since each draws users from a relatively small population
base, total usage and water quality influences will probably not be too
great, although some specific sites may become problems. Recreational
development in the past has consisted primarily of resorts and private
development of cabins and houses along the Lake Erie shoreline and around
Grand Lake St. Marys, and it is in these areas that further development
will occur.
PLANNING SUBAREA 4.3
 
Disposal Operations
Solid waste anf dredging are the major disposal operations present
in this planning subarea. There are no documented liquid waste disposal
sites and deep—well disposalis rare. '
Liquid Waste Disposal
 
According to available information there are no liquid waste
disposal operations in Planning Subarea 4.3. However, detailed informa-
tion such as in the Michigan areas was not available and sites may exist
which are not documented here.
Solid Waste Disposal
Fifty-nine solid waste disposal sites are located in Planning
Subarea 4.3. The urbanized counties of Cuyahoga and Lorain, Ohio contain
over one—half of the total number of disposal sites. Identification of
the precise type of disposal was not available from the information
gathered.
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Total
£122
Ohio
Ashtabuln
Cuyahogl
Ceaugn
Lake
Lorain
Hedina
Portage
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N
H
O
‘
U
I
b
l
-
‘
O
‘
W
O
N
U
‘
0
Sanitary
Dredge Spoil Disposal
Modified
Landfill
Open Construction
Dung Debris
Population
Served
 
Six dredge disposal sites are located in Planning Subarea 4;
The six locations have a total of 1,141,183 cubic meters (1,493,696
cu de) of annual dredge spoil material.
amount was designated as being polluted spoil.
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL (1961—1970)(3
Table 78
More than 90 percent of thi
)
Annual Average
Polluted Sediments
Dredging Requiring Confinement
Total
Number Cubic Cubic Cubic Cubic
Of Sites Meters Yards Meters Yards
PSA
4.3
‘—‘—
"“‘
““"
’
"““
’
“-—
-“
"“——
‘
Ohio
Asht
abul
a
2
148,
577
194,
473
124,
555
163,
031
Cuya
hoga
2
669,
521
876,
337
669,
521
876,
337
Geauga — - — — -
Lake
1
231,
252
302,
687
185,
002
242,
150
Lora
in
1
91,8
32
120,
199
73,4
65
96,1
59
Medina - — — - -
Portage - - —
Summ
it
—
—
-
TOT
AL
6
1,1
41,
183
1,4
93,
696
1,0
02,
543
1,3
77,
677
Deep—Well Disposal
Planning Subarea 4.3 has only two
One is used for brine wastes and the other
quantitative information was available.
212
deep—well disposal sites.
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Table 79
(2d)
DEEP-WELL DISPOSAL SITES, 1973
Type of Wastes
  
Nu
mb
er
Ra
ng
e
of
Ge
ol
og
ic
of
Si
te
s
_D
ep
th
s_
Fo
rm
at
io
ns
In
du
st
ri
al
Br
in
es
93
PSA 4.3
Ohio
Ashtabula
Cuy
aho
ga
l
437
met
ers
Ori
ska
ny
1
Geauga
Lake 1 1700 meters Kerbel; 1
Mt. Simon
Lorain
Medina
Portage
Summit
TOTAL 2 437—1700 meters 1 l
EEQEEQE
Lakeshore Erosion
The shoretypes of Lake Erie in this planning subarea are
imp
ort
ant
in
a c
ons
ide
rat
ion
of
the
amo
unt
of
geo
log
ic
ero
sio
n t
hat
will occur.
Tab
le
80
ind
ica
tes
the
app
rox
ima
te
mil
eag
e o
f t
he
var
iou
s s
h
types. They are shown on Figure 95.
Table 80
SHORE TYPES - PLANNING SUBAREA 4.3, 1970(4)
Lilia:
ARTIFICIAL FILL AREA A 14
ERODIBLE HIGH BLUFF HBe 63
NON—ERODIBLE HIGH BLUFF HBn 2
ERODIBLE LOW BLUFF LBe 27
NON-ERODIBLE LOW BLUFF LBn 1
HIGH SAND DUNE HD
LOW SAND DUNE LD
ERODIBLE LOW PLAIN Pe
NON-ERODIBLE LOW PLAIN Pn
WET LANDS W
TOTAL SHORE MILES 108
To Convert From To_ Multiplz BX
Miles (mi) Kilometers (km) 1.609
:her
 
ore
Pla
Lake
Erie
shoreline
within
its
boundaries.
totaled 150.
shoreline.
(14.6 miles)
nning
Subarea
4.3
has
173.4
kilometers
(107.8
miles)
of
6
kilometers
(93.7
miles)
or
86.8
percent
of
this
area's
The
critical
erosion
areas
amounted
to
23.4
kilometers
and
noncritical
areas
were
19.1
kilometers
(11.9
miles).
This
planning
subarea
has
no
shoreline
area
subject
to
economic
loss
from flooding.
Table 81
SHORELINE
EROSION
FOR
PLANNING
SUBAREA
4.3,
1970(4)
5
.
:
O
‘
U
‘
b
 
Kilometers Miles
Existing
miles
of
shoreline
173.4
107.8
Length and location of critical
erosion areas
A.
Cuyahoga
Co.,
Ohio
200.6-203.0
4.8
3.0
B.
Cuyahoga
Co.,
Ohio
l67.3-182.1
9.3
5.8
C.
Lake
Co.,
Ohio
173.0—176.3
5.3
3.3
D.
Lake
Co.,
Ohio
17l.7-l72.l
.64
.4
E.
Lake
Co.,
Ohio
164.0—165.0
1.6
1.0
F.
Lake
Co.,
Ohio
159.0—159.3
.48
.3
G.
Ashtabula Co.,Ohio 140.0—140.8
1.28
.8
Total 23.4 » 14.6
Shoreline subject to noncritical
erosion
19.1
11.9
Protected shoreline
108.1
67.2
Shoreline subject to flooding
0
0
Shoreline not subject to flooding
or erosion
23 1
14.4
Riv
erbank Erosion
Economic
erosion
loss
areas
Of the approximately 4,800 kilometers (3,000 miles) of streams
in Planning Subarea 4.3, there are 570 kilometers (356 miles) of river-
banks that are being eroded to some degree.
The majority of this
distance or 44 kilometers (276 miles) is considered moderate erosion
with the remaining 130 kilometers (80 miles) being severe erosion.
Table 82
5
MODERATE AND SEVERE RIVERBANK EROSION, 1969( )
(in miles)
  
Watershed
Under Over
PSA 4.3 400 sq m1 400 sq m1 Combined
Moderate 276 0 276
Severe
45
35
80
TOTAL
321
35
356
To Convert From Tg_ Multiplz BX
Square Miles (sq mi) Square Kilometers (sq km) 2.59
Miles
(mi)
Kilometers
(km)
1.609
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Using the 1969 Census of Agriculture and figures based on Dr. Loehr's
studies, it was determined that Planning Subarea 4.3 had 172 major live-
stock operations. Nearly 80 percent of this total was from cattle opera-
tions with the remaining 20 percent divided evenly between poultry and
swine operations at 18 farms each. Animal wastes produced were also
estimated. In this planning subarea, poultry produced 30,820 kilograms
wamnu» (67,890 lbs) of wet manure per day; cattle produced 456,790 kilograms
(1,006,150 lbs) of wet manure per day; and swine produced 31,500 kilograms
(69,390 lbs) of wet manureper day.
__—..——
SCALE IN MILES
o 90 100
Table 83
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY, 1969
   
Estimated Livestock Totnl(6) in. ad Animal Haste
———-—--‘ Poultry Cattle Swine
“D.
No.
No.
Net Lbs/Day
Far-s Number Farms Number Farms Number Poultry Cattle ﬁglgg
PSA 4.3
Ohio
Ashtabult
1
10,000
39
5,766
2
400
3.100
288,300
4,000
0mm“,
Cuyahosl
1
10,000
1
100
3,100
5,000
Geaull
2
20,000
7
700
6 , 200
35 ,000
Lake
3
47,000
14,570
‘rg
Lorain
3
39,500
24
2,900
7
2,194
12,245
145,000
21.940
2
Median
5
62,500
30
5,225
7
3,945
19,375
261,250
39,450
5
Portage
2
20,000
30
4,231
2
400
6.200
211,550
4,000
:
Summit
1
10 ,000
5
l , 201
3 , 100
60,050
<
;
TOTAL
18
219,000'
136
20,123
18
6,939
67,890
1,006,150
69,390
S
To Convert From
12
Hultiglz 31
Pounds (1b)
Kilograms (kg)
0.454
High Density, Nonsewered Residential Areas
Planning Subarea 4.3 has the second largest number of housing units
in the Lake Erie basin. Only Planning Subarea 4.1 has more. From a
total number of nearly 1 million units, 14 percent are classified as
nonsewered. This consists of approximately 7 percent in rural nonfarm
areas and 8 percent in urban areas.
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Table 84
HIGH DENSITY NONSEWERED RESIDENTIAL AREAS, 1970(7)
NONSENERED HOUSEHOLDS
  
Urb
an
Rur
al
Non
—Fa
rm
Com
bin
ed
Percent Percent Percent
Total of Total 0f Total of Total
Hous
ing
Hous
ing
Hous
ing
Hous
ing
_Qni£§_ yumbgg Units Number Units Number Units
PSA 4.3
Ohio
Asht
abul
a
32,1
74
1,73
3
5
11,0
29
34
12.7
62
50
Cuya
hoga
577,
378
30,0
66
5
1,52
6
1
31,5
92
6
Gea
uga
17,
548
1,3
52
8
11,
574
66
12,
926
74
Lake
57,2
03
7,42
5
13
4,04
3
7
11,4
68
20
Lora
in
75,8
07
9,81
6
13
6,52
8
9
16,3
44
22
Medi
na
23,8
92
803.
3
7,53
5
32
8,33
8
35
Port
age
34,9
13
4,21
7
12
11,0
83
32
15,2
99
44
Summ
it
178,
975
21,1
74
12
12,2
78
7
33,4
52
19
TOT
AL
997
,89
0
76,
586
8
65,
596
7
142
,18
2
14
Recreational Lands
Frontage on the Lake Erie shoreline is Planning Subarea 4.3's
greatest asset. The topography is generally flat to gently rolling
with metropolitan parks along the river valleys. Most of the area is
highly urbanized and much of the Lake Erie shoreline is under private
control. Geauga County, which is not highly urbanized, contains a
natural, rugged terrain.
The Cleveland—Akron metropolitan area has had an influence on the
types of recreational activities that are available. City parks with
playfields, swimming beaches and pools, and golf courses are widespread.
Also receiving heavy usage are the multiple activity metropolitan parks
with swimming, picnicking, fishing and playfields. Water quality in—
fluences from these urban-oriented activities may arise from erosion
problems at heavily used sites, litter from picnicking, and runoff from
playfields and golf courses. Power boating in this subarea occurs on
Lake Erie, and on the few large reservoirs. Boating is hampered by the
lack of shelter in Lake Erie, the limited quantity of Suitable water
inland and lhmited public access facilities. Because of these factors,
pollution problems from recreational boating will probably not be as
grea
t as
in o
ther
urba
nize
d a
reas
with
a la
rger
numb
er o
f fa
cili
ties
,
such as Planning Subarea 4.1. Usage is heavy at the sites available
and quality problems from oil leaks, human waste, litter and erosion may
arise. There are only a few state parks which provide camping facilities,
meaning most of this activity occurs at private campgrounds. These areas
are
gene
rall
y sm
alle
r th
an t
hose
foun
d in
stat
e pa
rks,
with
an a
vera
ge o
f
under 100 camping spaces, and generally do not offer as broad a range of
activities as the state parks. Problems may arise from lack of close
monitoring; however, usage will not be as great as it would be at multi-
ple—activity state parks. Because of pollution problems in Lake Erie
from nonrecreational sources, there is heavy swimming usage at the small
219
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number of inland lakes and reservoirs, such as Hinckley Lake. This may
result in bacteria and virus—laden water, and possible resuspension of
botton sediments and deposition on swimming beaches.
PLANNING SUBAREA 4.4
 
Disposal Operations
Liquid waste disposal is the only disposal operation not found in
this area, although deep-well disposal is very limited. Future deep—
well disposal activities in New York will depend upon tests and legi—
lative approval, while Pennsylvania will most likely use other methods
because of limiting geologic conditions.
Liquid Waste Disposal
 
According to available information there are no liquid waste
disposal operations in Planning Subarea 4.4. However, the data available
was not as detailed as for some other states and sites may therefore exist
which are not documented here.
Solid Waste Disposal
Solid waste disposal sites total 118 in Planning Subarea 4.4.
Identification of the precise type of disposal was not available from
the information gathered. As one moves from highly urbanized areas, such
as Erie and Niagara Counties, New York to more rural areas, the type of
landfill shifts from sanitary landfill to modified landfill types.
New York does not require daily coverage of their landfills in specified
rural areas. Parts of the eastern tip of Lake Erie are not covered by
glacial lake deposits, and hence are more permeable. This allows possible
leaching of pollutants to occur more easily.
Table 85
SOLID WASTE DISPOSAL SITES BY COUNTY, 1972(2C)
Type Not Sanitary Modified Open Construction Population
Total Identified Landfill Landfill Dulp Debris Served Acreage
ESA 4.4
Lwasxlvania
Erie 25 25
New York
Cattaraugus - -
Chautauqua 31 31
Erie 56 56
Niagara 6 6
TOTAL 118 118
Dredge Spoil Disposal
Four dredge disposal sites are located in Planning Subarea 4.4.
The four locations have a total of 539,738 cubic meters (706.464 cubic
yards) of annual dredge spoil material. All of this amount was designated
as
b
e
i
n
g
p
o
l
l
u
t
e
d
spoil.
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 Erosion
Lakeshore Erosion
The shoretypes of Lake Erie in this planning subarea are
important in a consideration of the amount of geologic erosion.
Table 91 indicates the miles of the various shore types.
Planning Subarea 4.4 has more of the Lake Erie shoreline t1
the other planning subareas in this basin. There are 190 kilometers
(120 miles) of Lake Erie shoreline and 120 kilometers (73.2 miles):
subject to some form of economic loss due to erosion. This equals (
percent of the area's existing shoreline. Critical erosion areas tc
10 kilometers (6 miles) which is 5 percent of existing shoreline.
Riverbank Erosion
There are 584 kilometers (363 miles) of riverbanks that unc
moderately or severe erosion. Moderate erosion accounts for 470 kil
meters (291 miles) or 80 percent of this total and severe erosion a(
for 116 kilometers (72 miles) and the remaining 20 percent of erodit
riverbanks.
  
Table 88
SHORE TYPES — PLANNING SUBAREA 4.4, 1970(4)
Miles
ARTIFICIAL FILL AREA A 9
ERODIBLE HIGH BLUFF HBe 74
NON—ERODIBLE HIGH BLUFF HBn 0
ERODIBLE LOW BLUFF LBe 26
NON—ERODIBLE LOW BLUFF LED 1
HIGH SAND DUNE
HD
0
LOW SAND DUNE
LD
0
ERODIBLE
LOW
PLAIN
Fe
9
NON—ERODIBLE LOW PLAIN PH 1
WET LANDS W 0
TOTAL SHORE MILES 120
To Convert
From
29_
Multiplz
BX
Miles
(mi)
Kilometers
(km)
1.609
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Table 89
SHORELINE EROSION FOR PLANNING SUBAREA 4.4, 1970(4)
 
Kilometers Miles
1. Existing miles of shoreline 193 120
2. Length and location of critical
erosion areas
A. Erie 00., Pennsylvania 9.6 6.0
3. Shoreline subject to noncritical
erosion 76.3 47.4
4. Protected shoreline 30.7 19.1
5. Shoreline subject to flooding 1.1 .7
6. Shoreline not subject to flooding or
erosion 75.3 46.8
Table 90
MODERATE AND SEVERE RIVERBANK EROSION, 1969(5)
(in miles)
Watershed
Under Over
400 sq mi 400 sq mi Combined
PSA 4.4
Mod
era
te
291
0
291
Sev
ere
28
44
72
TOT
AL
319
44
363
To
Con
ver
t
Fro
m
:9
Mul
tip
ly
By
Square Miles (sq mi) Square Kilometers (sq km) 2.59
Mil
es
(mi
)
Kil
ome
ter
s
(km
)
1.6
09
Intensive Livestock Operation
 
Pla
nni
ng
Sub
are
a
4.4
has
ove
r
400
liv
est
ock
ope
rat
ion
s.
The
maj
ori
ty
of
the
se
are
cat
tle
ope
rat
ion
s w
hic
h c
omp
ris
e 9
3 p
erc
ent
of
the
tota
l.
Pou
ltr
y a
cco
unt
s f
or
app
rox
ima
tel
y 4
per
cen
t,
and
swi
ne
2.5
per
cen
t.
The
amo
unt
of
ani
mal
was
te
was
als
o e
sti
mat
ed.
The
pou
ltr
y o
per
ati
ons
in
this
are
a p
rod
uce
d 4
9,1
20
kil
ogr
ams
(13
0,2
20
lbs
)
of
wet
man
ure
per
day
,
the
cat
tle
pro
duc
ed
1,1
88,
095
kil
ogr
ams
(2,
616
,95
0 l
bs)
of
was
tes
per
day,
and
the swine produced 10,430 kilograms (22,970 lbs) per day.
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Table 91
IN
TE
NS
IV
E
LI
VE
ST
OC
K
OP
ER
AT
IO
NS
BY
CO
UN
TY
,
19
69
  
Est
ila
ted
Liv
est
ock
Tot
a1(
6)
Est
ima
ted
Ani
mal
Poultry Cattle Seine
No. No. No. Wet Lbs/Dal
Far
-c
Num
ber
Far
ms
Num
ber
Far
ms
Num
ber
Egg
ltg
x
935
519
PSA 4.4
Miami;
Erie
2
20,0
00
38
3,80
0
200
6,]0
0
190,
000
Merl
Cattaraugua 2 20,000 99 13,225 6,200 661,250
Chautauqua 4 68,232 118 16,285 3 650 21,151 819,250
Erie 6 272,900 78 11,009 2 200 84,599 550,450
Niagara 3 38,936 46 7,920 4 1,247 12,070 396.000
TOTAL 17 420,068 379 52,239 10 2,297 130,220 2,616,950
To Convert From I2 Hultiglx Bx
Pounds (1b) Kilograns_(kg) 0,454
High Density, Nonsewered Residential Areas
Pla
nni
ng
Sub
are
a 4
.4
is
thi
rd
in
the
num
ber
of
tot
al
hou
sin
g u
ni
for
thi
s l
ake
bas
in.
Onl
y P
lan
nin
g S
uba
rea
4.2
has
few
er
uni
ts.
Of
594
,15
5 u
nit
s h
ere
, 1
7 p
erc
ent
or
103
,14
2 a
re
cla
ssi
fie
d a
s n
ons
ewe
r
The
rur
al
non
far
m s
ect
or
mak
es
up
mos
t o
f t
his
by
inc
lud
ing
14
of
th
per
cen
t.
Urb
an
non
sew
ere
d a
rea
s a
re
onl
y 3
per
cen
t o
f t
he
tot
al
hou
units in the area.
Table 92
7
HIGH DENSITY NONSEWERED RESIDENTIAL AREAS, l970( )
NONSEUERED HOUSEHOLDS
Urban Rural Non—Farm Cont
Percent Percent
Of Total of Total Of Total
Housing Housing Housing
Units Number Units Number Units Number
PSA 4.4
Pennsylvania
Erie 83,055 3,425 4 14,645 18 18,070
New York
Cattaraugus 27,016 198 1 12,893 48 13,091
Chautauqua 51,387 766 2 16,681 33 17,447
Brie 359,358 10,452 3 27,183 8 37,635
Niagara
73,339
3,960
1
12,939
4
16.899
TOTAL 594,155 18,801 3 84,341 14 103,142
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Recreational Lands
This planning subarea includes parts of Pennsylvania and New York.
The shoreline is generally bluffs, with only one natural bay on Lake Erie.
Inland from the lake there are significant areas of rolling terrain, and
in some parts, substantial wooded tracts.
There are few inland lakes and
a limited number of rivers and streams available for boating.
A feature
of recreational significance is Niagara Falls, important as a world famous
tourist attraction. Most of the urban population of the region resides
along the Lake Erie and Niagara River shores.
The Great Lakes beaches
are generally short, and access to shorelines is restricted due to private
ownership.
Recreational activities in the area include 16 state parks providing
both day use and longer term activities, boating and swimming facilities,
several ski areas, and shooting preserves.
Although only four of the
State parks provide camping facilities, there are many private campgrounds
with varying degrees of services and water quality influences. In the
urbanized centers surrounding Buffalo and Niagara, more areas for urban
day use activities as golfing and city parks are found, with water quality
influences from runoff of hydrogen, phosphorus, and mercury from the golf
courses and playing fields.
Niagara Reservation State Park at Niagara Falls annually receives
more than 3.7 million visitors; or, greater than one-third of the total
number of visitors to state parks in Planning Subarea 4.4. The only
facilities available there are picnicking and parking for sightseeing,
meaning major problems will be litter and erosion from the heavy popula—
tion pressures. Many of those who visit the Falls may also spend time at
private developments in the area. There are three campgrounds on Grand
Island, in the middle of the Niagara River, and many others within close
proximity.
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 MATERIALS USAGE
BASIN CHARACTERISTICS
The Lake Erie basin is comprised of 41 c0unties; 9 in Michigan,
3 in
Indiana, 28 in Ohio, 1 in Pennsylvania and 4 in New York.
It includes
some of the larger and more highly productive agricultural land areas in
the U.S. Great Lakes Basin.
It also includes large areas of Detroit,
Fort Wayne, Toledo, Cleveland, Akron and Buffalo.
Agricultural Characteristics
There are wide variations in the types of agriculture conducted in
this lake basin. Those found here include dairy and swine areas, and
large acreages of corn and soybeans. Areas near the lake produce fruit
and grapes.
As one studies the figures and tries to observe the trends, there
does not appear to be any compelling reasons for expecting major shifts
or changes in types of agriculture. The dairy areas will likely continue
to emphasize dairying but cow numbers will decrease. The corn belt can
maximize returns by raising corn and soybeans which support swine pro—
duction and cattle feeding. Corn will continue as "king". Soybean
acreages may increase. Swine and cattle production may increase. The
fruit, grape and vegetable regions will undergo shifts but these enter-
prises will continue to be emphasized here. Farm numbers willdecline and
individual units will get larger. For a long while it was thought that
this led to more extensive types of farming operations. However, now
there is much evidence that with larger units more specialization develops,
with the result that production may be intensified. This is the most
likely trend for the future.
Table 93 indicates the relative proportion of material usage in the
Lake Erie basin as compared to the total U.S. Great Lakes Basin.
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rv
ie
ws
,
co
rr
es
po
nd
en
ce
,
an
d
st
at
is
ti
cs
as
av
ai
la
bl
e
fr
om
ag
ri
cu
lt
ur
al
st
at
is
ti
cs
,
ce
ns
us
in
fo
rm
at
io
n,
st
at
e
hi
gh
wa
y
de
pa
rt
me
nt
s,
un
iv
er
si
ti
es
,
pr
iv
at
e
co
mp
an
ie
s,
an
d
st
at
e
an
d
fe
de
ra
l
ag
en
ci
es
.
an
al
ys
is
is
pr
es
en
te
d
in
th
e
me
th
od
ol
og
y
se
ct
io
n.
Table 95,
234
Background for the
Ta
bl
e
94
su
mm
ar
iz
es
th
e
fi
nd
in
gs
of
th
is
in
ve
nt
or
y
an
d
an
al
ys
is
.
De
ta
il
ed
st
at
is
ti
cs
ar
e
sh
ow
n
on
L
b
s
o
f
c
h
e
m
i
c
a
l
s
a
p
p
l
i
e
d
2
.
5
2
2
.
6
6
I
n
d
e
x
o
f
c
h
e
m
i
c
a
l
s
a
p
p
l
i
e
d
9
5
1
0
0
T
o
n
s
o
f
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
d
e
f
e
c
a
t
e
d
2
.
5
1
3
.
3
7
I
n
d
e
x
o
f
m
a
n
u
r
e
d
e
f
e
c
a
t
e
d
7
4
1
0
0
L
b
s
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
6
3
8
2
I
n
d
e
x
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
m
a
n
u
r
e
7
7
1
0
0
L
b
s
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
3
4
0
3
2
1
P
e
r
c
e
n
t
l
i
q
u
i
d
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
2
3
2
2
I
n
d
e
x
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
1
0
6
1
0
0
L
b
s
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
1
6
9
1
5
3
I
n
d
e
x
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
1
1
0
1
0
0
L
b
s
o
f
l
i
m
e
a
p
p
l
i
e
d
1
8
0
1
7
0
I
n
d
e
x
o
f
l
i
m
e
a
p
p
l
i
e
d
1
0
6
1
0
0
P
e
r
a
c
r
e
o
f
t
o
t
a
l
l
a
n
d
a
r
e
a
L
b
s
r
o
a
d
s
a
l
t
s
u
s
e
d
6
9
.
1
8
4
1
.
7
4
I
n
d
e
x
r
o
a
d
s
a
l
t
s
u
s
e
d
1
6
6
1
0
0
To
C
o
n
ve
r
t
F
r
o
m
T
o
M
u
l
t
i
p
l
y
By
P
o
u
n
d
s
(l
b)
K
i
l
o
g
r
a
m
s
(k
g)
0
.
4
5
4
To
ns
(t
on
)
Ki
lo
gr
am
s
(k
g)
90
7.
2
Me
tr
ic
To
ns
0.
90
7
 Table 94
MATERIALS USAGE
(in 1972)
Chemicals Commercial Limestone Salts
Applied Livestock Fertilizer Purchased Applied to
to Crops Manure on Cropland or Applied all Highways
Area (100 lbs) (tons) (tons) (tons) (tons)
Lake Erie basin 142,445 14,186,552 962,952 510,419 543,417 '
PSA 4.1 23,598 3,595,528 197,618 48,932 175,619 '
PSA 4.2 79,543 6,312,949 651,276 306,809 115,170 E
PSA 4.3 7,026 1,688,055 42,726 75,890 136,046 I
PSA 4.4 32,278 2,590,020 71,332 78,788 116,582 r
To Convert From IQ Multiply By W
Pounds (lb) Kilograms (kg) 0.454 ‘1
Tons (ton) Kilograms (kg) 907.2 3)
Metric Tons 0.907 I;
Ag
ri
cu
lt
ur
al
Ch
em
ic
al
s
3%
There was a total of 6,461,200 kilograms (14,244,500 lbs) of
agri
cult
ural
chem
ical
s s
prea
d on
agri
cult
ural
land
s in
the
Lake
Erie
bas
in
in
197
2.
Che
mic
al
rat
es
are
pro
jec
ted
to
inc
rea
se
in
thi
s a
rea
15—2
5 pe
rcen
t in
the
next
10 y
ears
.
Herb
icid
e us
age
is m
ost
like
ly t
o
inc
rea
se
nea
rer
the
top
lev
el
of
thi
s r
ang
e.
Ins
ect
ici
de
usa
ge
may
inc
rea
se
even
less
than
fung
icid
e us
e an
d mi
ght
poss
ibly
show
no i
ncre
ase.
 
Her
bic
ide
s r
ang
e f
rom
as
hig
h a
s 8
3 p
erc
ent
of
all
che
mic
als
use
d
in
one
sub
are
a t
o a
low
of
onl
y 2
0 p
erc
ent
in
ano
the
r.
Ins
ect
ici
des
ran
ge
fro
m 5
0 t
o 1
3 p
erc
ent
and
fun
gic
ide
s f
rom
30
to
4 p
erc
ent
.
Thi
s m
ake
s i
t
difficult to generalize about the area.
On
e
of
th
e
pr
ob
le
ms
co
nc
er
ni
ng
th
e
us
e
of
ch
em
ic
al
s,
ev
en
if
eff
ect
ive
in
per
for
min
g t
hei
r f
unc
tio
nal
rol
es,
is
tha
t s
ome
res
idu
es
wil
l
sti
ll
rem
ain
in
the
soi
ls.
In
the
cas
e o
f h
erb
ici
des
,
thi
s i
s k
now
n a
s
"ca
rry
ove
r"
and
in
the
cas
e o
f i
nse
cti
cid
es
as
"pe
rsi
ste
nce
."
It
is
bel
iev
ed
tha
t
the
per
sis
ten
ce
ass
oci
ate
d w
ith
ins
ect
ici
des
wil
l b
e a
lmo
st
ent
ire
ly
eli
min
ate
d i
n t
he
fut
ure
and
tha
t c
arr
yov
er
in
her
bic
ide
s w
ill
be greatly reduced, if not entirely eliminated.
Animal Wastes
It
wa
s
es
ti
ma
te
d
th
at
12
,8
69
,8
00
me
tr
ic
to
ns
(1
4,
18
6,
55
2
to
ns
)
0f
we
t
ma
nu
re
ar
e
pr
od
uc
ed
an
nu
al
ly
.
Ni
tr
og
en
,
ph
os
ph
or
us
an
d
po
ta
sh
co
mp
ri
se
1.
3
pe
rc
en
t
of
th
e
to
ta
l
ma
nu
re
de
fe
ca
te
d.
Pe
rc
en
ta
ge
s
fo
r
th
e
li
ve
st
oc
k
va
ry
gr
ea
tl
y
fr
om
on
e
pl
an
ni
ng
su
ba
re
a
to
th
e
ne
xt
,
ho
we
ve
r,
ca
tt
le
Pr
od
uc
e
th
e
ma
jo
ri
ty
of
th
e
ma
nu
re
.
Ca
tt
le
ma
nu
re
pe
rc
en
ta
ge
s
ra
ng
e
fr
om
as
hi
gh
as
85
to
a
lo
w
of
63
pe
rc
en
t.
Sw
in
e
ma
nu
re
re
pr
es
en
ts
19
pe
rc
en
t
of
th
e
li
ve
st
oc
k
ma
nu
re
in
on
e
su
ba
re
a
an
d
on
ly
on
e
pe
rc
en
t
in
an
ot
he
r
su
ba
re
a.
.H
or
se
ma
nu
re
is
20
pe
rc
en
t
of
th
e
to
ta
l
in
on
e
su
ba
re
a
an
d
as
lo
w
as
8
pe
rc
en
t
in
another.
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Table 95
GR
EA
T
LA
KE
S
BA
SI
N
MA
TE
RI
AL
US
AG
E
IN
VE
NT
OR
Y
Ag
ri
cu
lt
ur
al
Che
mic
als
,
Man
ure
s,
Fer
til
ize
rs,
Lim
e
and
Hi
gh
wa
y
De
-I
ci
ng
Co
mp
oun
ds
Michigan, Indiana, Ohio,
PL
AN
NI
NG
ARE
A:
Lak
e
Er
ie
14.
0
_
STA
TE:
Pe
nn
sy
lv
an
ia
,
an
d N
ew
Yor
k
No
rt
hw
es
t
h.
1
Ce
nt
ra
l
Lu}
(9-
Mic
hig
an,
3-I
ndi
ana
,
25
-0
hi
o,
PL
AN
NI
NG
SUB
ARE
A:
§9
ut
me
§t
1 I
2
Eas
t,
,!
COU
NTY
:
1-
Pe
nn
sx
lv
an
ia
,
b-
Ne
w
Yor
k)
TABLE ACREAGES 6:
      
    
  
 
  
I-V CENSUS FARMS
  
 
  
1.
 
(1) _
CO
UN
TY
,
la
nd
ar
ea
,
ac
re
s
Nu
mb
er
I
V
fa
rm
s
cm
?
Gr
ou
P
Am
ou
nt
Am
ou
nt
Am
ou
nt
Nu
nb
er
of
fa
rm
s
E90
Ac
re
s
in
I-
V
fa
rm
s
82
05
}
or
Acr
es
Use
d
Acr
es
Use
d
Acr
es
Use
d
Acr
es
in
far
ms
9 3
0
l
Cro
pla
nd
I_v
far
ms
6]
Cr
op
la
nd
in
fa
rm
s
6
O
l
Ha
rv
es
te
d
cr
op
la
nd
Ha
rv
es
te
d
cr
op
la
nd
in
fa
rm
s
56
52
80
6
I-
V
fa
rm
s
51
86
2
f
   
 
Crop l_
 
Hog & Pig
Inventory Dec. l—May 1 June l—Nov.
Wet Manure Factor: Tons per litter farrwed
Net Manure Defecated: Tons, 1972
Nutrients in Net Manure: Nitrogen, tons
Phosphorus, tons
Potash, tons
TABLE 8--GROUND LIMESTONE EQUIVA
   
 
     
Tonnage not
Govemmnt
Tonnage
Covernment
  
He
if
er
s,
St
ee
rs
,
ri
en
ts
Wet Manure Factor: Tons
TAB
LE
9—-
SAL
TS
APP
LIE
D T
0 F
EDE
RAL
, S
TAT
E
COU
NTY
, &
MUN
ICI
PAL
HIG
   
"e! "
830“!
Nfec
aced
‘
Tons
Purch
ased
Tons
Appli
ed Pe
r
Yea
r
Thr
oug
h S
tat
e
"E"
Mil
e
Wet Manure Defecated: Tons, 1972 Combined: 1 70-71
Nutrients in Net Manure: Nitrogen, tons 1 7142
gzzrfzastm 1 72—73 37h667
’
—
—
Tot
al
Est
ima
ted
Ton
s A
ppl
ied
on
All
Hrg
hwa
ys
in
197
2-7
3,
AS Computed 5h3hl7
 
Horses 8
MATERIALS AND HIGHWAY
on
Kind 0 f
Applied on
7
Nutrients
Combined Lime: Limestone equi
Nitrogen, tons
yhos
vhor
us,
cons
Tabl
e 8
#101
119
Potash tons
’ Salts: Applied on all highways, tons: Table 9 51131417
To Convert From
m 1°- MLIY—Bl (1) County, land area, ac
I oun ) Kilogram (kg) 0.1.53 includes water areas
‘ Acres (acre) “aerate (ha) law 40 acres in size.
I
Tons (ton)
Kilogram (kg)
907.2
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 LENT
&
YES
 
under
C
o
m
m
e
r
c
i
a
l
F
e
r
t
i
l
i
z
e
r
s
A
t
o
t
a
l
o
f
8
7
3
,
5
7
5
m
e
t
r
i
c
t
o
n
s
(
9
6
2
,
9
5
2
t
o
n
s
)
o
f
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
s
w
e
r
e
a
p
p
l
i
e
d
to
c
r
o
p
s
in
the
L
a
k
e
E
r
i
e
b
a
s
i
n
in
1972.
N
i
t
r
o
g
e
n
accounted
for
31
percent,
phosphorus
32
percent,
and
potash
37
percent
of
the
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
c
o
n
t
e
n
t
b
y
we
i
g
h
t
.
F
e
r
t
i
l
i
z
e
r
r
a
t
e
s
a
r
e
l
i
k
e
l
y
to
i
n
c
r
e
a
s
e
——
however,
not
all
nutrients
at
the
same
rates.
Overall
it
is
expected
that
the
nitrogen
increase
will
be
the
greatest
and
the
phosphorus
use
will
increase
the least.
Lime
Liming
rates
seem
to
run
considerably
higher
in
some
of
the
eastern
basin
counties.
Lime
usage
is
expected
to
continue
at
near
present
levels.
It
is
projected
that
the
greatest
usage
will
continue
to
be
in
those
counties
and
subareas
where
more
than
average
amounts
are
already
being
used.
In
1972
a
total
of
463,050
metric
tons
(510,419
tons)
of
lime
were
used
inthis
lake basin.
Salts
The
Lake
Erie
basin
is
second
only
to
the
Lake
Michigan
basin
in
the
amount
of
road
de—icing
salts
used
on
highways.
In
1972—73
it
was
e
s
t
i
m
a
t
e
d
that
4
9
2
,
9
8
8
m
e
t
r
i
c
tons
(543,417
tons)
of
s
a
l
t
s
w
e
r
e
used.
This
r
e
p
r
e
s
e
n
t
e
d
m
o
r
e
t
h
a
n
30
p
e
r
c
e
n
t
of
the
s
a
l
t
s
us
e
d
in
the
e
n
t
i
r
e
G
r
e
a
t
Lakes Basin.
The
primary
impact
upon
ground
and
surface
waters
resulting
from
road
de—icing
salts
comes
from
chloride
discharges
which
can,
over
time,
affect
the
salinity
of
nearby
wells
and
open
water
areas.
Road
de—icers
will
continue
to
be
used
in
this
area.
Usage
is
expected
to
largely
be
determined
by
miles
of
highway
as
rates
per
mile
are
not
expected
to
increase.
P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
4
.
1
This
subarea
includes
almost
60
percent
of
the
population
of
Michigan.
At
the
same
time,
theSe
nine
southeast
Michigan
counties,
five
bordering
on
the
lake
and
four
one
county
removad,
are
very
important
agricultural
counties.
The
southern
parts
of
Lenawee
and
Monroe
Counties,
bordering
on
the
State
of
Ohio,
are
typical
corn
belt
production
areas.
é
g
r
i
c
u
l
t
u
r
a
l
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
A
g
r
i
c
u
l
t
u
r
e
is
v
a
r
i
e
d
in
this
p
l
a
n
n
i
n
g
subarea.
S
a
n
i
l
a
c
Coun
ty
on
the
n
o
r
t
h
is
p
r
e
d
o
m
i
n
a
t
e
l
y
d
a
i
r
y
w
i
t
h
c
r
o
p
p
i
n
g
p
r
o
g
r
a
m
s
—-
c
o
r
n
,
g
r
a
i
n
c
r
o
p
s
,
and
h
a
y
——
s
u
p
p
o
r
t
i
n
g
this
industry.
S
a
n
i
l
a
c
also
p
r
o
d
uc
e
d
17,000
h
e
c
t
a
r
e
s
(42,000
acres)
of
n
a
v
y
b
e
a
n
s
as
a
c
a
s
h
crop.
L
e
n
a
we
e
C
o
un
t
y
on
the
s
o
ut
h
is
h
e
a
v
i
e
r
in
the
p
r
o
d
u
c
t
i
o
n
of
corn,
grain,
and
s
o
yb
e
a
n
s
wi
t
h
m
u
c
h
less
hay.
Cattle,
dairy,
and
swine
production
are
major
livestock
enterprises
in
the
southeast
Michigan
counties.
Monroe,
Macomb,
and
St.
Clair
Counties
p
r
o
d
u
c
e
d
1
,
8
0
0
,
1
,
6
0
0
a
n
d
1
,
2
0
0
h
e
c
t
a
r
e
s
(4,400,
3
,
9
0
0
a
n
d
3
,
0
0
0
a
c
r
e
s
)
0
f
v
e
g
e
t
a
b
l
e
s
r
e
s
p
e
c
t
i
v
e
l
y
.
Table
96
indicates
the
relative
proportions
of
materials
usage
in
Planning
Subarea
4.1
in
comparison
with
the
total
Great
Lakes
Basin.
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Table 96
M
A
T
E
R
I
A
L
S
U
S
A
G
E
B
A
S
I
N
R
E
L
A
T
I
O
N
S
H
I
P
—
—
P
S
A
4
.
1
T
0
G
R
E
A
T
L
A
K
E
S
  
Pe
r
h
a
r
v
e
s
t
e
d
ac
re
of
c
r
o
p
l
a
n
d
P
l
a
n
n
i
n
g
S
ub
a
r
e
a
4
.
1
G
r
e
a
t
L
a
k
e
s
Ba
si
r
L
b
s
o
f
c
h
e
m
i
c
a
l
s
a
p
p
l
i
e
d
2
.
2
1
2
.
6
6
I
n
d
e
x
of
c
h
e
m
i
c
a
l
s
a
p
p
l
i
e
d
8
3
1
0
0
T
o
n
s
of
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
d
e
f
e
c
a
t
e
d
3
.
3
7
3
.
3
7
I
n
d
e
x
o
f
m
a
n
u
r
e
d
e
f
e
c
a
t
e
d
1
0
0
1
0
0
L
b
s
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
8
5
82
I
n
d
e
x
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
m
a
n
u
r
e
1
0
4
1
0
0
L
b
s
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
3
7
0
3
2
1
P
e
r
c
e
n
t
l
i
q
u
i
d
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
1
6
32
I
n
d
e
x
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
e
d
1
1
5
1
0
0
L
b
s
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
i
n
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
1
8
1
1
5
3
I
n
d
e
x
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
in
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
11
8
1
0
0
Lb
s
of
l
i
m
e
a
p
p
l
i
e
d
92
1
7
0
I
n
d
e
x
of
li
me
a
p
p
l
i
e
d
54
1
0
0
P
e
r
a
c
r
e
o
f
t
o
t
a
l
l
a
n
d
a
r
e
a
L
b
s
of
r
o
a
d
sa
lt
s
us
e
d
8
7
.
9
6
4
1
.
7
4
I
n
d
e
x
r
o
a
d
s
a
l
t
s
u
s
e
d
2
1
1
1
0
0
To
C
o
n
ve
r
t
F
r
o
m
2
3
M
u
l
t
i
p
l
y
By
P
o
un
d
s
(l
b)
K
i
l
o
g
r
a
m
s
(k
g)
0
.
4
5
4
To
ns
(t
on
)
Ki
lo
gr
am
s
(k
g)
90
7.
2
Me
tr
ic
To
ns
0.
90
7
Materials Usage
Tab
le
97
lis
ts
by
cou
nty
the
mat
eri
al
usa
ge
inv
ent
ory
for
PSA
4.1
.
De
ta
il
ed
st
at
is
ti
cs
ar
e
sh
ow
n
on
Ta
bl
e
98
-
Table 97
MATERIALS USAGE
(in 1972)
Ch
em
ic
al
s
Co
mm
er
ci
al
Li
me
st
on
e
Sa
lt
s
PS
A
6
1
Ap
pl
ie
d
Li
ve
st
oc
k
Fe
rt
il
iz
er
Pu
rc
ha
se
d
Ap
pl
ie
d
1
-—
——
—4
—
to
Cr
op
s
Ma
nu
re
on
Cr
op
la
nd
or
Ap
pl
ie
d
al
l
Hi
gh
Mi
ch
ig
an
(1
00
lb
s)
(t
on
s)
(t
on
s)
(t
on
s)
(t
on
s:
Le
na
we
e
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I
GREAT LAKES BASIN MATERIAL USAGE INVENTORY
 
1
Agricultural Chemicals, Manures, Fertilizers. Lime and Highway De—Icing Compounds
PLANNING AREA:
Lake Erie 1;.0
STATE:
Mic:.iE;en
PLANNING SUBAREA:
on. wesa. h.1
00mm:
v- count-x Labels
‘
72
TABLE
I-V
COUNTY, land area, acres 3~:k]21;<go (1)
Hunter I—V farms '
, 'I
Number of farms 110262
Acres 1n I—V farm
‘ |
Acres in farms 20101355
Cropland I-V farms
I '.
Cropland in farms .1521120
Harvested cropland
2‘
*
Harvested cropland in farm 105632} I-V farm
Crop Group Amount
or
Acres
Acres
Used
 
Crop
1
TABIE 2--MANURE FROM NINE
-—_
}
Hog & Pig
Number So as Farrowing
1
Inventory Dec. l-May 31 June l—Nov. 30
Year Dec. 1 Sgring Fall Total
6!.
10695;
91459
9032
134le
69 101 :32 a 234 337 103/3
72 1014 300 101'00 91400 20103
     
Hat Manure Factor: Tons per litter farroued 7.23
Wet Manure Defecated: Tans, 1972 110323
Nutrients in Vet Manure: Nitrogen, tons 7'20
Phosphorus, tons 203
Potash, tons 552
TABLE 8—-GRDUND LIMESTONEEQUIVALEIH'
  
Tonnage Tonnage not
Government Government Total
Cows 6. Heifers Heifers, Steers, Primary
  
Her
Manure
Factor:
Tons
r
5'
13.11;
"a; Manure Defecated:
Tons Purchased
Tons
lied Per
1.140 3
"at
Manure
Defecated:
Tons,
1972
Combined:
Nutrients
in
"at
Manure:
Nitrogen,
tons
Phosphorus, tons
Potash, tons
 
to Sheep 6 Horses &
ways
)
.———-—-
Turkey
Combined
Nitrogen, tons
Phosphorus,
tons
N01?
5
Potash,
tons
n.
Table 8
Salts: Applied on n11 highways, tom: Table 9
 
To Convert From
To
Hultiglz Bx
a) Furtdy. land oral. Acre:
_ "C u as water 1
Pounds (1b) Kilograuurg) 0.11.153 ‘0 u". in “areas under
Acres (acre) Hectare (ha) - 7
Tons (ton) Kilogram (kg) 907.2
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Salts
Road de-icing salts are in heavy use in this planning subarea
and
wil
l c
ont
inu
e a
t t
hes
e r
ate
s b
eca
use
of
the
lar
ge
met
rop
oli
tan
are
as
and
sub
seq
uen
t h
igh
tra
ffi
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the
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2-7
3 s
eas
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app
lie
d 1
59,
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ric
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s
(17
5,6
19
ton
s)
of
sal
ts,
nea
rly
one
-th
ird
of the total for the entire lake basin.
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 PLANNING SUBAREA 4.2
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o c
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ﬂ
{
Agricultural Characteristics
Thi
s l
and
has
fer
til
e l
oam
y s
oil
s w
ith
lar
ge
acr
eag
es
dev
ote
d
to
the
pro
duc
tio
n o
f c
orn
.
In
add
iti
on,
88
per
cen
t o
f t
he
soy
bea
n a
cre
age
in
;
the
Lak
e E
rie
bas
in
is
in
thi
s p
lan
nin
g s
uba
rea
.
Veg
eta
ble
pro
duc
tio
n i
s
als
o v
ery
sig
nif
ica
nt.
Tom
ato
es
and
swe
et
cor
n c
omp
ris
e a
bou
t 7
0 p
erc
ent
4
of
th
e
ve
ge
ta
bl
e
ac
re
ag
e.
1
Tab
le
99
ind
ica
tes
the
rel
ati
ve
pro
por
tio
ns
of
mat
eri
als
usa
ge
in
Pl
an
ni
ng
Su
ba
re
a
4.
2
in
co
mp
ar
is
on
wi
th
th
e
to
ta
l
Gr
ea
t
La
ke
s
Ba
si
n.
1
l
3
Table 99
MATERIALS USAGE BASIN RELATIONSHIP ~~ PSA 4.2 T0 GREAT LAKES
   
Per harvested acre of cropland Planning Subarea 4.2 Great Lakes Basin
Lbs of chemicals applied 2.09 2.66 ‘
Index of chemicals applied 79 100 l
Tons
of l
ives
tock
manu
re
defe
cate
d
1.66
3.37
i
Ind
ex
of
man
ure
def
eca
ted
49
100
E
i
Lbs primary nutrients in livestock manure 43 82 1
Index primary nutrients in manure 52 100
Lbs commercial fertilizer applied 343 321 .
Percent liquid fertilizer applied 28 22 :1
Inde
x co
mmer
cial
fert
iliz
er
appl
ied
107
100
3;
Lbs
pri
mar
y n
utr
ien
ts
in
com
mer
cia
l f
ert
ili
zer
175
153
§3
Inde
x pr
imar
y nu
trie
nts
in c
omme
rcia
l f
erti
lize
r
114
100
E?
d Lbs of lime applied 161 170 Eb
Index of lime applied 95 100 E?
_—_ 1
Per acre of total land area E
Lbs road salts used 36-39 41-74 it
Index road salts used 37 100 E?
To
Con
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t
Fr
om
22
Mul
ti
1
B
g“
Pounds (lb) Kilograms (kg) 0-454 h“
To
ns
(t
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)
Ki
lo
gr
am
s
(kg
)
90
7.
2
g
Metric Tons 0-907 g
«
W
Materials Usage
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nty
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ent
ory
for
PSA
4.2
.
g
Detailed statistics are shown on Table 101. E
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 Table 100
MATERIALS USAGE
  
(in 1972)
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0
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3,5
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12,
949
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Con
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)
0,4
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Metric Tons 0.907
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 Table 101
GREAT LAKES BASIN MATERIAL USAGE INVENTORY
Agricultural Chemicals, Manures, Fertilizers, Lime and Highway De-IcingCompounds
 
PLANNING AREA: Lake Erie h-O STATE, Indiana and Ohio
PLANNING SUBAREA: SguthWest 4.2 COUNTY: 23 County Totals
72 TABLE & FEMILIZER I-V
COUNTY, land area, acres (i) Nunber I-V farm
Number of farms 39,391 Acres in I—V fans
Acres in farms 5622811 Cropland I-V farms
1 1
Cropland in farms Harvested cropland
Crop Group Amoun t Amoun t Amount
or Acres Used Acres Used Acres Used
T 100
Harvested cropland in farm 3§ozg§1 I-V farm
Crop f
Li
Hog & Pig
Inventory Dec. 1-May 31 June l-Nov.
 
Pet Manure Factor: Tons per litter farroued
Wet Manure Defecated: Tons, 1972
Nutrients in Net Manure: Nitrogen, tons
Phosphorus, tons
Potash, tons
TABLE 8--GROUND LIMESTONE EQUIVALENT
Tonnage Tonnage not 1
r Used Government Government Total
: Cost '1'
'1‘
Primary
Cows & Heifers Heifers, Steers,
ili r
Nit
Po
Wet Manure Factor:
Tons
6.
CI?
wet Manure Defecated: Tons Purchased Tons lied Per
Het Manure Defecated: Tons, 1972 Combined:
Nutrients
in
Net
Manure:
Nitrogen,
tons
Phosphorus, tons
Potash, tons
SHEEP HORSES
Horses 8 MATERIALS AND HIGHWAY
Ite
Kind 0
6312949 42514
6512 76 103808 105889 122129
N
uttients
Lime:
or
tons :
Table 8
Combined 1
Nitrogen, tons
Phosphorus, tons
P0t35h, tons Salts: Applied on all highways, tons: Table 9
(1) County, land area, acres
To Convert From .13 ———L}—M1ti1 B includes water areas under
Poun
ds
(11:)
Kilo
gram
ﬂcs)
0-5
3
40 a
cres
in s
ize.
Acres (acre) Hectare (ha) .b0h7
Tons (ton) Kilogram (kg) 907.2
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t
i
n
u
e
i
n
a
b
o
u
t
t
h
e
s
a
m
e
r
e
l
a
t
i
o
n
s
h
i
p
a
s
n
o
w
i
n
t
h
e
n
e
x
t
1
0
y
e
a
r
s
.
T
h
u
s
,
t
h
e
i
n
d
e
x
o
f
m
a
n
u
r
e
p
r
o
d
u
c
t
i
o
n
s
h
o
u
l
d
r
e
m
a
i
n
a
b
o
u
t
t
h
e
s
a
m
e
.
T
h
e
f
i
g
u
r
e
f
o
r
1
9
7
2
w
a
s
5
,
7
2
7
,
0
0
0
m
e
t
r
i
c
t
o
n
s
(
6
,
3
1
2
,
9
4
9
t
o
n
s
)
o
f
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
d
e
f
e
c
a
t
e
d
.
N
i
t
r
o
g
e
n
,
p
h
o
s
p
h
o
r
u
s
,
a
n
d
p
o
t
a
s
h
c
o
m
b
i
n
e
d
c<
p
r
i
s
e
s
1
.
3
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
m
a
n
u
r
e
t
o
n
n
a
g
e
.
C
o
m
m
e
r
c
i
a
l
F
e
r
t
i
l
i
z
e
r
s
C
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
u
s
e
i
s
a
b
o
u
t
7
p
e
r
c
e
n
t
a
b
o
v
e
B
a
s
i
n
a
v
e
r
a
g
e
.
N
i
t
r
o
g
e
n
r
e
p
r
e
s
e
n
t
e
d
3
1
p
e
r
c
e
n
t
,
p
h
o
s
p
h
o
r
u
s
3
2
,
a
n
d
p
o
t
a
s
h
3
7
p
e
r
c
e
n
t
o
f
t
h
n
u
t
r
i
e
n
t
s
u
s
e
d
.
F
e
r
t
i
l
i
z
a
t
i
o
n
r
a
t
e
s
,
a
s
e
s
t
i
m
a
t
e
d
b
y
s
o
m
e
s
o
i
l
s
c
i
e
n
t
i
s
t
s
,
w
i
l
l
i
n
c
r
e
a
s
e
b
y
p
e
r
h
a
p
s
2
0
-
2
5
p
e
r
c
e
n
t
i
n
t
h
i
s
c
o
r
n
b
e
l
t
s
u
b
a
r
e
a
i
n
t
h
e
n
e
x
t
1
0
y
e
a
r
s
.
I
n
1
9
7
2
t
h
e
a
m
o
u
n
t
u
s
e
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
w
a
s
5
9
0
,
8
3
8
m
e
t
r
i
c
t
o
n
s
(
6
5
1
,
2
7
6
t
o
n
s
)
o
f
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
s
;
Lime
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
h
a
d
2
7
8
,
3
3
7
m
e
t
r
i
c
t
o
n
s
(
3
0
6
,
8
0
9
t
o
n
s
)
o
f
l
i
m
e
s
t
o
n
e
e
i
t
h
e
r
p
u
r
c
h
a
s
e
d
o
r
a
p
p
l
i
e
d
t
o
c
r
o
p
l
a
n
d
s
i
n
1
9
7
2
.
L
i
m
e
u
s
a
g
e
s
h
o
u
l
d
r
e
m
a
i
n
a
b
o
u
t
t
h
e
s
a
m
e
a
s
t
h
e
p
r
e
s
e
n
t
l
e
v
e
l
.
I
f
a
n
y
c
h
a
n
g
e
d
o
e
s
o
c
c
u
r
i
t
i
s
m
o
r
e
l
i
k
e
l
y
t
o
b
e
d
o
w
n
r
a
t
h
e
r
t
h
a
n
u
p
.
Salts
T
h
i
s
a
r
e
a
u
s
e
s
t
h
e
l
e
a
s
t
a
m
o
u
n
t
o
f
r
o
a
d
d
e
—
i
c
i
n
g
s
a
l
t
s
i
n
t
h
e
l
a
}
b
a
s
i
n
.
F
o
r
1
9
7
2
—
7
3
t
h
e
t
o
t
a
l
w
a
s
1
0
4
,
4
8
2
m
e
t
r
i
c
t
o
n
s
(
1
1
5
,
1
7
0
t
o
n
s
)
o
f
5
3
1
F
u
t
u
r
e
u
s
e
o
f
r
o
a
d
s
a
l
t
s
i
n
t
h
i
s
s
u
b
a
r
e
a
w
i
l
l
l
i
k
e
l
y
c
o
n
t
i
n
u
e
t
o
b
e
n
e
a
r
t1
modest levels.
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PLANNING SUBAREA 4.3
 
This
planning
subarea
extends
from
one
county
west
of
Cleveland
east
to
the
Pennsylvania
border.
Four
of
the
eight
counties
border
on
Lake
Erie
and
the
others
are
one
county
removed.
There
are
a
number
of
metropolitan
counties
in
the
subarea,
in
addition
to
Cleveland.
Agricultural Characteristics
This
subarea
is
on
the
eastern
border
of
the
cornbelt.
Corn
and
soy—
beans
are
two
of
the
major
crops
grown.
There
are
over
20,250
hectares
(50,000 acres) of grains, mostly wheat.
The value of crops produced per
acre is below that of most counties to the west.
Table 102 indicates the relative proportions of materials usage in §
Planning Subarea 4.3 in comparison with the total Great Lakes Basin. ‘
Table 102
MATERIALS USAGE BASIN RELATIONSHIP — PSA 4.3 T0 GREAT LAKES
Per harvested acre of cropland Planning Subarea 4.3 Great Lakes Basin
 
Lbs of chemicals applied 2.25 2.66
Index of chemicals used 85 100
Tons of livestock manure defecated 5.39 3.37
Index of manure defecated 160 100
Lbs primary nutrients in livestock manure 134 82
Index primary nutrients in manure 163 100
Lbs commercial fertilizer applied 273 321
Percent liquid fertilizer applied 2 22
Index commercial fertilizer applied 85 100
Lbs primary nutrients in commercial fertilizer 134 153
Index primary nutrients in commercial fertilizer 88 100 ‘
Lbs of lime applied 485 170
Index of lime applied 285 100 _
Per acre of total land area
i
Lbs of road salts used 117.55 41.74
Index road salts used 282 100
To Convert From To Multi 1 B
Pounds (1b) Kilograms (kg) 0.454
To
ns
(to
n)
Ki
lo
gr
am
s
(kg
)
90
7.
2
Metric Tons 0.907
Materials Usage
Table 103 lists by county the material usage inventory for PSA 4.3.
A u
Detailed statistics are shown on Table 104.
>
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Table 103
M
A
T
E
R
I
A
L
S
U
S
A
G
E
 
 
(in 1972)
1
C
h
e
m
i
c
a
l
s
C
o
m
m
e
r
c
i
a
l
L
i
m
e
s
t
o
n
e
S
a
l
t
s
A
p
p
l
i
e
d
L
i
v
e
s
t
o
c
k
F
e
r
t
i
l
i
z
e
r
P
u
r
c
h
a
s
e
d
A
p
p
l
i
e
d
t
o
t
o
C
r
o
p
s
M
a
n
u
r
e
o
n
C
r
o
p
l
a
n
d
o
r
A
p
p
l
i
e
d
a
l
l
H
i
g
h
w
a
y
s
P
S
A
4
.
3
(
1
0
0
L
b
s
)
(
t
o
n
s
)
F
f
j
t
o
n
s
)
(
t
o
n
s
)
(
t
o
n
s
)
2111.2
A
s
h
t
a
b
u
l
a
1
7
6
7
4
2
4
8
4
8
1
0
8
2
1
2
0
7
2
8
2
8
7
1
8
C
u
y
a
h
o
g
a
2
4
1
4
0
5
1
2
1
9
8
4
2
0
7
2
8
2
9
5
0
5
G
e
a
u
g
a
3
3
7
2
2
4
3
2
0
1
6
4
9
3
0
3
8
2
1
0
5
4
L
a
k
e
4
5
6
2
9
5
8
6
9
7
6
4
4
5
8
8
3
3
L
o
r
a
i
n
1
9
4
6
2
9
5
9
5
5
9
6
3
0
9
7
9
0
6
0
3
5
M
e
d
i
n
a
9
9
6
3
5
1
7
0
3
8
2
8
3
9
5
6
8
1
5
2
1
3
P
o
r
t
a
g
e
9
5
4
2
4
9
8
5
0
8
0
0
5
8
8
2
2
1
3
0
5
4
S
u
m
m
i
t
2
8
9
7
1
2
8
1
1
3
7
8
2
7
7
1
1
3
6
3
4
T
O
T
A
L
7
0
2
6
1
6
8
8
0
5
5
4
2
7
2
6
7
5
8
9
0
1
3
6
0
4
6
T
o
C
o
n
v
e
r
t
F
r
o
m
'
2
g
M
u
l
t
i
p
l
y
B
y
P
o
u
n
d
s
(
l
b
)
K
i
l
o
g
r
a
m
s
(
k
g
)
0
.
4
5
4
T
o
n
s
(
t
o
n
)
K
i
l
o
g
r
a
m
s
(
k
g
)
9
0
7
.
2
M
e
t
r
i
c
T
o
n
s
0
.
9
0
7
A
g
r
i
c
u
l
t
u
r
a
l
C
h
e
m
i
c
a
l
s
C
h
e
m
i
c
a
l
u
s
a
g
e
i
s
n
o
t
h
e
a
v
y
i
n
t
h
e
s
u
b
a
r
e
a
.
M
o
s
t
o
f
t
h
e
h
e
r
b
i
c
i
d
e
a
r
e
u
s
e
d
o
n
c
o
r
n
a
n
d
s
o
y
b
e
a
n
s
.
A
l
l
o
f
t
h
e
f
u
n
g
i
c
i
d
e
s
a
n
d
o
v
e
r
h
a
l
f
o
f
t
h
e
i
n
s
e
c
t
i
c
i
d
e
s
a
r
e
u
s
e
d
o
n
f
r
u
i
t
a
n
d
v
e
g
e
t
a
b
l
e
c
r
o
p
s
.
A
b
o
u
t
8
0
p
e
r
c
e
n
t
o
f
t
h
¢
f
r
u
i
t
i
n
t
h
e
s
u
b
a
r
e
a
i
s
g
r
o
w
n
i
n
t
h
r
e
e
c
o
u
n
t
i
e
s
a
l
o
n
g
t
h
e
l
a
k
e
a
n
d
8
0
p
e
r
c
a
o
f
t
h
e
v
e
g
e
t
a
b
l
e
p
r
o
d
u
c
t
i
o
n
i
s
c
o
n
c
e
n
t
r
a
t
e
d
i
n
4
c
o
u
n
t
i
e
s
.
C
h
e
m
i
c
a
l
u
s
a
g
e
i
i
n
c
r
e
a
s
e
3
t
o
1
5
p
e
r
c
e
n
t
i
n
t
h
i
s
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
.
I
n
1
9
7
2
t
h
e
r
e
w
e
r
e
3
1
9
,
0
0
0
k
i
l
o
g
r
a
m
s
(
7
0
2
,
6
8
0
l
b
s
)
o
f
a
g
r
i
c
u
l
t
u
r
a
l
c
h
e
m
i
c
a
l
s
u
s
e
d
i
n
t
h
i
s
subarea.
Animal Wastes
C
a
t
t
l
e
a
c
c
o
u
n
t
e
d
f
o
r
7
6
p
e
r
c
e
n
t
o
f
t
h
e
l
i
v
e
s
t
o
c
k
m
a
n
u
r
e
,
h
o
r
s
e
s
1
9
,
s
w
i
n
e
a
n
d
c
h
i
c
k
e
n
s
e
a
c
h
2
a
n
d
s
h
e
e
p
1
p
e
r
c
e
n
t
.
T
h
e
h
o
r
s
e
p
o
p
u
l
a
t
i
o
n
i
s
p
r
i
m
a
r
i
l
y
b
e
c
a
u
s
e
o
f
t
h
e
m
e
t
r
o
p
o
l
i
t
a
n
c
e
n
t
e
r
s
i
n
t
h
e
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
.
C
a
t
t
l
e
,
e
s
p
e
c
i
a
l
l
y
c
o
w
s
,
a
n
d
h
o
r
s
e
s
p
r
o
d
u
c
e
c
o
n
s
i
d
e
r
a
b
l
e
m
a
n
u
r
e
p
e
r
a
n
i
m
a
l
.
M
a
n
u
r
e
p
r
o
d
u
c
t
i
o
n
p
e
r
h
a
r
v
e
s
t
e
d
c
r
o
p
a
c
r
e
w
a
s
w
e
l
l
a
b
o
v
e
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
a
v
e
r
a
g
e
.
H
a
d
m
a
n
u
r
e
p
r
o
d
u
c
t
i
o
n
b
e
e
n
e
q
u
a
t
e
d
w
i
t
h
t
o
t
a
l
c
r
o
p
a
c
r
e
s
t
h
e
f
i
g
u
w
o
u
l
d
s
t
i
l
l
h
a
v
e
b
e
e
n
v
e
r
y
h
i
g
h
.
L
i
v
e
s
t
o
c
k
m
a
n
u
r
e
p
r
o
d
u
c
t
i
o
n
i
s
p
r
o
j
e
c
t
e
d
t
o
c
o
n
t
i
n
u
e
a
t
a
b
o
u
t
p
r
e
s
e
n
t
l
e
v
e
l
s
o
r
p
e
r
h
a
p
s
s
l
i
g
h
t
l
y
d
o
w
n
w
a
r
d
i
n
t
h
e
n
e
x
1
0
y
e
a
r
s
.
T
h
e
1
9
7
2
l
e
v
e
l
w
a
s
1
,
5
3
1
,
4
0
0
m
e
t
r
i
c
t
o
n
s
(
1
,
6
8
8
,
0
5
5
t
o
n
s
)
o
f
w
e
t
m
a
n
u
r
e
.
N
i
t
r
o
g
e
n
,
p
h
o
s
p
h
o
r
u
s
,
a
n
d
p
o
t
a
s
h
c
o
m
b
i
n
e
d
,
c
o
m
p
r
i
s
e
1
.
2
p
e
r
c
e
r
t
h
e
t
o
t
a
l
m
a
n
u
r
e
t
o
n
n
a
g
e
.
  
(D
at
nay
.sin
me
1: of
 
Crop Group
0 r
Hog & Pig
Inventory Dec. l—May 31 June l—Nov. 30
Pet Manure Factor: Tons per litter farrowed
Het Manure Defecated: Tons, 1972
Nutrients in Net Manure: Nitrogen, tons
Wet Manure Factor: Tons
Hat Manure Defecated:
We:
Manure
Defecated:
Tons,
1972
Combined:
Nutrients
in
Wet
Manure:
Nitrogen,
tons
  
Table 104
GREAT
LAKES
BASIN
MATERIAL
USAGE
INVENTORY
Agricultural Chemicals,
Manures,
Fertilizers,
Lime and Highway
De-Icing Compounds
PLANNING
AREA:
Lake
Erie
L1.O
STATE:
Ohio
PLANNING SUBAREA: Central h.3
COUNTY: 8 County Totals
TABLE & -V
9
COUNTY, land area, acres (l) 2}]! 5m
Number I—V farms
Number of farms
661 3
Acres in 1-4! farm
Acres in farm [5 Z Cropland I—V farm
Cropland in farms
6601
Harvested cropland
Harvested cropland in farm 12 I-V farms
Crop
Amount
Amount
Amount
Acres
Used
Acres
Used
Acres
Used
T
F
 
TABLE 8—GROUND LIMESTONE EQJIVALENT
Phosphorus, tons
Potash ,
tons
Tonnage
Tonnage
not
Government Government Total
Heifers , Steers ,
STATE
Tons Purchased
 
Phosphorus, tons
Potash, tons
Horses &
Lime: tons:
Nitrogen ,
tons
Table
3
Phosphorus, tons
Potash, tons
Salts: Applied on all highways, tons: Table 9 1360116
 
(1) County, land area, acres
 
T—oco
n—vm—
m
3)-
Hul—HE
JJ—Bl
include
s wate
r area
s unde
r
§ . «
Pounds (1b) Kilogramﬂrg) 0.453 40 acres in size. i
Acres (acre) Hectare (ha) $0.07 If
Tons (ton) Kilogram (kg) 907.2
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C
o
m
m
e
r
c
i
a
l
F
e
r
t
i
l
i
z
e
r
s
T
h
e
1
9
7
2
t
o
t
a
l
o
f
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
u
s
e
w
a
s
3
8
,
7
6
1
m
e
t
r
i
c
t
o
n
s
(
4
2
,
7
2
6
t
o
n
s
)
f
o
r
P
S
A
4
.
3
.
T
h
i
s
a
m
o
u
n
t
i
s
a
b
o
u
t
1
5
p
e
r
c
e
n
t
b
e
l
o
w
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
a
v
e
r
a
g
e
.
N
i
t
r
o
g
e
n
r
e
p
r
e
s
e
n
t
s
2
8
p
e
r
c
e
n
t
,
p
h
o
s
p
h
o
r
u
s
3
4
,
a
n
d
p
o
t
a
s
h
3
8
p
e
r
c
e
n
t
o
f
t
h
e
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
a
p
p
l
i
e
d
.
Lime
T
h
e
a
m
o
u
n
t
o
f
l
i
m
e
p
u
r
c
h
a
s
e
d
o
r
a
p
p
l
i
e
d
t
o
c
r
o
p
l
a
n
d
s
i
n
P
S
A
4
.
3
w
a
s
6
8
,
8
4
7
m
e
t
r
i
c
t
o
n
s
(
7
5
,
8
9
0
t
o
n
s
)
.
C
u
y
a
h
o
g
a
a
n
d
A
s
h
t
a
b
u
l
a
C
o
u
n
t
i
e
s
w
e
r
e
h
e
a
v
y
u
s
e
r
s
o
f
l
i
m
e
;
L
o
r
a
i
n
e
,
M
e
d
i
n
a
a
n
d
P
o
r
t
a
g
e
m
e
d
i
u
m
u
s
e
r
s
;
a
n
d
L
a
k
e
,
G
e
a
u
g
a
a
n
d
S
u
m
m
i
t
l
i
g
h
t
u
s
e
r
s
.
I
t
i
s
p
r
o
j
e
c
t
e
d
t
h
a
t
l
i
m
e
u
s
a
g
e
m
a
y
c
o
n
t
i
n
u
e
s
i
m
i
l
a
r
t
o
p
r
e
s
e
n
t
u
s
e
.
Salts
A
l
l
o
f
t
h
e
c
o
u
n
t
i
e
s
i
n
t
h
i
s
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
a
r
e
m
o
d
e
s
t
t
o
h
e
a
v
y
u
s
e
r
s
o
f
r
o
a
d
d
e
—
i
c
i
n
g
s
a
l
t
s
.
T
h
e
1
9
7
2
—
7
3
s
e
a
s
o
n
t
o
t
a
l
l
e
d
1
2
3
,
4
2
1
m
e
t
r
i
c
t
(
1
3
6
,
0
4
6
t
o
n
s
)
o
f
s
a
l
t
s
u
s
e
d
,
t
h
e
s
e
c
o
n
d
h
i
g
h
e
s
t
t
o
t
a
l
f
o
r
t
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
a
n
d
t
h
e
h
i
g
h
e
s
t
r
a
t
e
p
e
r
a
c
r
e
.
I
t
i
s
p
r
o
j
e
c
t
e
d
t
h
a
t
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Table 105
}
MATERIALS USAGE BASIN RELATIONSHIP -— PSA 4.4 T0 GREAT LAKES
 
Per harvested acre of cropland Planning Subarea 4.4 Great Lakes Basin
Lbs of chemicals applied 6.82 2.66
Index of chemicals applied 256 100
Tons of livestock manure defecated 5.47 3,37
Index of Manure defecated 162 100
Lbs primary nutrients in livestock manure 133 82
Index primary nutrients in manure 162 100
Lbs commercial fertilizer applied 301 321
Percent liquid fertilizer applied» 8 22 ;
Index commercial fertilizer applied 94 100 3
Lbs primary nutrients in commercial fertilizer 116 153
ons Index primary nutrients in commercial fertilizer 76 100
Lbs lime applied 333 170
5 Index lime applied ' 196 100
Per acre of total land area
Lbs of road salts used 75.86 41.74 g
? Index of road salts used 184 100
l L To Convert From :2 Multiply By
get ‘ Pounds (1b) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
Materials Usage
Table 106 lists by county the material usage inventory for PSA 4.4.
Detailed statistics are shown on Table 107.
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Table 107
GREAT LAKES BASIN MATERIAL USAGE INVENTORY
Agri
cult
ural
Chem
ical
s,
Manu
res,
Fert
iliz
ers,
Lime
and
High
way
De-I
cing
Comp
ound
s
PLANNING AREA: Lake Erie 14.0
PLANNING SUBAREA: East th
Crop Group Amomt Amount
or Acres Used Acres Acres Used
T
 
TABLE 2--MANURE FROM WINE
     
Hog & Pig Number 50 IS Farrowing
Inventory Dec. l-May 31 June l-Nov. 30
Year Dec. 1 Spring Fall Total
1)64 20590 15h? 153h 3081
1969 11;?96 12145 1053 2298
1’72
1.113
61
116
7
106
1
2228
Net Manure Factor: Tons per litter farrowed 1.23
Net Manure Defecsted: Tons, 1972 16105
Nutrients in Wet Manure: Nitrogen, tons 81
Phosphorus, tons 23
Potash, tons m
  
Cows 5 Heifers Heifers, Steers,
Wet Manure Factor: Tons
Wet Manure Defecated:
T
Vet Manure Defecated: Tons, 1972 Combined:
Nutrients in Net Manure: Nitrogen, tans
Phosphorus, tons
Potash, tons
Sheep & Horses 5
Nutrients _
Nitrogen, tons
Phosphorus, tons
Potash, tons
STATE: Pennsylvania and New York
COUNTY: 5 County Totals
ACREAGES 8 IZER I-V CENSUS FARMS
COUN
TY,
land
area
, a
cres
(l)
Numb
er
I—V
farm
s
72
Numb
er
of f
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8
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s in
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far
m
9295
]
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s i
n f
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122
983
Cro
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8
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7141
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17 i5
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Crop Tons of Fe zer
Acres Li uid
OTHER FIELD
P0
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Tons
of Fe Used
--FERIILIZER IN 1 72 TABLE 8--GROUND LIMESTONE EQUIVAJ
APPLIED
Tons
Tonnage Tonnage not
Government Government
Year Cost/Shared Cost/Shared '
1972
pr
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ar
y
Nu
tr
ie
nt
s
To
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a
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fo
r
Ot
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r
Re
ce
nt
Yea
r,
rtili r
Nit
r Used
   
TABLE 9—-SALTS APPLIED T0 FEDERAL, STATE COUNTY, 6: MUNICIPAL HIGH
Tons Purchased Tons Applied Per
Year Througl State "E" Mile
1970-71
1971—72
1972—73 80380
  
Total Estimated Tons Applied on All Highways in 1972-73,
AS ComputEd 1165'82
 
MATERIALS AND HIGHWAY DE-ICING _
  
lied on
Re
T
Manure: Kind of
Swine : Table
'1‘
2590020
0
Applied on Cropl
71332 BhOI
Lime: Limestone equi pur or
Table 8 78788
Salts: Applied on all highways, tons: Table 9 116582
To Convert From Multiply By (1) County, land area. a“
1 1 t eas u
Pounds (11:)
Kilogramsﬂcg)
0.453
43:33::
:2?
Acres (acre)
Hectare (ha)
$0147
.
Tons
(ton)
Kilogram
(kg)
907.2
250
 LENT
Total
forum 2
l
“
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Agricultural Chemicals
Chemical
usage
as
measured
in
this
study
is
very
heavy.
Grape
production
especially
coupled
with
tree
fruit
and
vegetables
account
for
heavy
usage
of
insecticides
and
fungicides.
Insecticides
accounted
for
50
percent
of
all
chemicals
used
—F
the
highest
percentage
of
any
subarea
in
the
basin.
By
contrast,
herbicides
accounted
for
only
20
percent
of
the
chemicals
used
——
the
lowest
of
any
subarea.
Fungicides
amounted
to
30
percent.
Chemical
usage
is
expected
to
increase
in
the
next
10
years
as
much
as
15
percent.
The
amount
of
chemicals
applied
in
1972
was
1,465,421
kilograms
(3,227,800 lbs).
Animal Wastes
Dairy
cows
and
beef
cows
along
with
the
replacement
of
young
cattle
are
the
major
kinds
of
livestock
and
contribute
85 percent
of
the
livestock
manure
produced.
Horses
have
grown
in
importance
and
contribute
13
percent
of
the manure.
The
result
is an
index
of manure
defecation
62 percent
above
the
total
Basin
average.
This
rate may
diminish
modestly
in
the decade ahead.
In 1972 the level was 2,349,666 metric
tons
(2,590,020 tons) of wet manure.
Nitrogen, phosphorus,
and potash combined,
comprise 1.2 percent of the total
manure tonnage.
Commercial Fertilizers
During 1972 a total of 64,712 metric tons (71,332 tons) of
commercial fertilizer were applied to croplands in PSA 4.4.
Fertilization levels are expected to increase perhaps 10—15 percent,
over the next 10 years. They are slightly below Basin average. Nitrogen
accounts for 31 percent of the nutrients, phosphorus 37 percent and potash
32 percent. A more intensive use of phosphates appears to be common in the
New York counties.
Lime
Lime usage is substantially higher than Basin average and is expected
to continue at these levels. The 1972 level totalled 71,467 metric tons
(78,788 tons) of lime either purchased or applied to croplands in this planning
subarea.
Salts
Road de~icers appear to be used liberally also. Road de—icing
increases are expected to be associated largely with increases in road mileages
as we look ahead. Figures for 1972 show 105,763 metric tons (116,582 tons)
of road de—icing salts were applied to all highways in PSA 4.4. This was
21 percent of the salts applied in the Lake Erie basin.
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Chemical Information
 
It is estimated that the combined amount of herbicides, insecticides
and fungicides represents approximately two-thirds or at the most three
quarters of all the chemicals used directly on crops by farmers in the
191 counties in the Great Lakes Basin. The amounts reported in this study
do not include chemicals used for livestock pesticide control, or that
used by rural homeowners. Nor does it include any chemicals used by the
government or industry in agriculturally related experimental or testing
work. TableJDS shows the percent of crop acres treated, the rates applied
per acre and the major chemicals used. The information has sufficient
breath of relevancy to permit use in all the counties. The acreages of
general farm crops were available by county from the reports of the State
Statistical Reporting Services, except for pastured cropland for which onl
the 1969 census figures were available. In most instances vegetable
acreages were obtainable on a state-wide basis and not on a county—wide
basis. Fruit crop production figures showing harvested amounts were also
available on a state-wide basis but not for counties. Fruit acreage figur
were generally not available.
The total acres of each of the important vegetable crops in each stat
were multiplied by the respective chemical application rates per acre and
this total, divided by the total acres of vegetables in each state to obta
a weighted chemical figure per acre for the vegetables in each state. A
state's 1972 to 1969 ratio times the vegetable acreage, shown for each
county in the 1969 census, times the composite vegetable chemical applicat
rates for the state provides the pounds of herbicides, insecticides and
fungicides applied respectively for vegetables in each county.
Fruit acres, unlike vegetable acreages, do not experience significant
fluctuations annually. It was assumed that fruit acres per county in 1972
was the same as in 1969. A similar procedure as used with vegetables was
followed for fruits. The composite chemical use rates calculated were
applied to each county fruit acreage to determine the total quantities of
herbicides, insecticides and fungicides used in the county.
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PERCENT
OF
ACRES
TREATED
WITH
CHB‘IICALS,
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CHEMICALS
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Cantaloupe H 80 6.00 Naptnlam, Bensulide
I 50 2.00 Hethoxychlor, Sevin. Thioden,
Phoephamidon
F 90 10.00 Dithiocarbemates, Bravo, Coppers,
Thiram/Captan
Asparagus
H
100
4.00
Simezine, Diuron, Dalapon, 2, 4-0
I 90 3.00 Sevin, Dieldrin, Methoxychlor,
Malarhion
P
50
5.00
Dithiocgrggggggs,
ThirsglCaptan
5m ban. 8 90 2.00 EPIC, Triflnralin, Dinoeeb,
Chloramben
I 50 6.00 Sevin, Parathion, Dieainon,
Dimmthoete
F 75 5.00 Dithiocerbamatee, Bravo, Coppers,
_ Ihirsm Ca tan
Cabbmg. R 100 3.00 Trifluralin. Nitrofen, DCPA
I 100 4.50 Guthion, Diazinon, Lannate.
Monitor, Thiodan, Br
I 75 7.00 Dithiocerhamates, Bravo, Coppers.
Thiram/Captan
Carrots H 100 2.00 Linuron, Nitrofen
I 100 8.75 Sevin, Parathion, Diazinon
P 75 10.00 Dithiocarbamates, Bravo, Coppers,
Thir§51Capgan
~
Cauliflower H 100 3.00 Trifluralin, Nitrofen
‘I 100 l~50 Guthion, Diazinon, Lannate.
‘ Monitor, Thiodan, 3T
F 75 7.00 Dithiocarbamates, Bravo, Coppers,
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Cucumbers E 100 6.00 Naptalam, Bensulide, Chloramben,
Dinoseb
I 50 3.00 Hethoxychlor, Sevin, Dieldrin,
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I
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Insecticides
P
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bunny
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scientists
believe
that
"carry
over"
in
the
use
of
herbicides
and
"persistence"
in
the
use
of
insecticides
may
belargely
eliminated
in
the
next
five
years.
This
means
that
some
chemicals
now
in
common
use
will
practically
disappear
and
the
new
ones
having
low,
if
any,
residues
will
be
emerging.
kilograms
(kg)
-
pounds
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x
0.454
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(kg)
-
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x
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(ha)
I
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x
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metric
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 Animal Manure Information
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hogs,
steers,
and
sheep
of
c
e
r
t
a
i
n
w
e
i
g
h
t
s
over
a
fixed
time
span.
B
o
t
h
U
n
i
t
e
d
States
and
state
census
and
crop
reporting
publications
provided
information
on
the
number
of
live—
stock.
Manure
defecation
factors
were
then
developed
for
various
classes
of
livestock
so
that
the
livestock
numbers
could
be
directly
converted
into
tons
of
manure
defecated.
After
the
manure
quantities
for
the
types
of
livestock
were
determined,
the
quantities
of
primary
nutrients
—-
nitrogen,
phosphorus
and
potash
-—
in
the
manure
were
then
derived.
The
respective
tons
of
animal
manure
multiplied
by
the
pounds
of
each
primary
nutrient
per
ton
of
manure
produced
from
livestock,
divided
by
2000
gives
the
tons
of
primary
nutrients.
This
procedure
was
simplified
by
using
the
following
table
(Table
109).
Table 109
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i
e
n
t
e
a
c
h
k
i
n
d
o
f
l
i
v
e
s
t
o
c
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r
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i
e
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t
s
S
w
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n
e
X
.
0
0
5
0
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
g
"
X
.
0
0
1
4
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
0
3
8
=
T
o
n
s
o
f
p
o
t
a
s
h
C
a
t
t
l
e
X
.
0
0
5
6
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
1
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.0050
=
T
o
n
s
o
f
p
o
t
a
s
h
S
h
e
e
p
X
.0140
=
Tons
o
f
n
i
t
r
o
g
e
n
"
X
.0021
=
Tons
of
phosphorus
"
X
.0100
=
Tons
of
potash
Horses
X
.0069
=
Tons
of
n
i
t
r
o
g
e
n
"
x
.0010
=
Tons
of
phosphorus
"
X
.0060
=
Tons
of
potash
Poultry
X
.0156
=
Tons
of
nitrogen
"
X
.0040
=
Tons
of
phosphorus
"
X
.0035
=
Tons
of
potash
To
Convert
From
To
Multinlv
By
Tons
(ton)
Kilogram;-(kg)
907.2
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Commercial Fertilizer Information
 
Commercial fertilizer consumption in this study represents all
commercial fertilizer materials or products sold or shipped for farm
and non-farm use as fertilizer. Materials used in the manufacturing
of registered mixes or for uses other than fertilizer are excluded.
The U.S. Department of Agriculture and the Statistical Reporting
Service for each of the eight states publish Annual Summaries. Thus,
fertilizer statistics are available nationally and by state. Three states
(Ohio, Indiana, and Illinois) provide county fertilizer summaries.
The fertilizer used on Class I~V farms by counties is available from
the 1969 U.S. Census of Agriculture. Fertilizer usage by state for 1972
was available from both the U.S. Department of Agriculture and the
Tennessee Valley Authority. The manner of distribution—~whether bagged,
bulk or liquid——as well as the primary nutrient tonnages were also
available for each state. This made it possible to calculate the approx—
imate tons of fertilizer used, the amounts liquid or dry, and the
amounts of primary nutrients used by county.
Lime Information
Li
me
us
ag
e
in
fo
rm
at
io
n
wa
s
no
t
re
ad
il
y
av
ai
la
bl
e
fr
om
ei
th
er
th
e
U.
S
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e
St
at
is
ti
cs
Re
po
rt
s
or
fr
om
mo
st
of
th
e
St
at
e
St
at
is
ti
ca
l
Re
po
rt
in
g
Se
rv
ic
es
.
Th
e
U.
S.
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e,
Ag
ri
cu
lt
ur
al
St
ab
il
iz
at
io
n
an
d
Co
ns
er
va
ti
on
Of
fi
ce
s
pr
ov
id
ed
in
fo
rm
at
io
n
sho
win
g
the
ton
s
tha
t
the
gov
ern
men
t
cos
t—s
har
ed
in
eac
h
sta
te,
but
not
t
total tons applied.
Road De—Icing Information
The Michigan Highway Department provided information from their files
showing the tons of road de-icing salts purchased through the Michigan
State Highway Departmentand used in each of the 83 Michigan counties for
year l972~73. It was the opinion of Michigan Highway officials that these
sales represent 100 percent of the salts used on federal and state high—
ways in a county, 50 percent of that used on county roads and 30 percent
of that used by municipalities within a county.
To obtain the total amount used, the county purchases were doubled,
the municipal purchases were multiplied by 3.33, and these sums were then
added to the state purchases.
Michigan highway officials believe this represents the most reasonabl
approach to estimating the total tonnage applied. With these relationship
established and the information provided by the states for each county,
the total tons applied on all highways in the counties for 1972-73 were
established. This figure is shown in each county report along with the
state
purchased
figure
for
each
county.
It was possible to obtain Michigan county information for Michigan
for 3 years, 1970-71, 1971—72, 1972-73. This included the "Tons of Salts
Applied Per 'E' Miles of Highway" for each of these 3 years. An 'E' mile
of
highway
is
equivalent
to
a
mile
of
two-lane
highway.
 
—_
Ths
procedure
used
in
Michigan
to
determine
the
total
salt
tons
applied
per
county
was
applied
to
all
counties
in
the
other
Basin
states.
It
is
believed
that
the
results
represent
to
a
reasonable
degree
the
salts
applied
in
the
Great
Lakes
Basin.
he
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D
S
INTRODUCTION
T
h
e
d
e
t
a
i
l
e
d
s
t
u
d
y
p
l
a
n
o
f
F
e
b
r
u
a
r
y
1
9
7
4
f
o
r
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
Reference
Group
on
Great
Lakes
Pollution
from
Land
Use
Activities
called
for
an
inventory
of
land
use
and
land
use
practices
with
emphasis
on
certain
trends
and
projections
to
1980,
and
if
possible,
to
2020.
This
section
presents
what
is
felt
to
be
the
major
trends
in
demographic
and
economic
activities,
land
uses,
specialized
land
uses,
and
materials
usages in the near future.
The
general
purpose
of
this
section
is
to
provide
to
the
PLUARG
effort
an
indication
as
to
the
direction
specialized
land
uses
and
materials
usage
may
take
in
the
forthcoming
decades.
These
findings
will
then
form
the
background
for
determining
the
magnitude
of
water
quality
problems
likely
to
result
from
these
activities
in
the
near
future.
General
In
order
to
provide
a
general
frame
of
reference
to
the
study,
demo-
graphic
and
economic
activities
projections
based
upon
revised
OBERS
Series
C
and
unpublished
Series
E
projections
were
utilized.
These
provided
what
were
felt
to
be
reasonable
upper
and
lower
limits
within
which
the
population
and
economic
growth
in
the
Lake
Erie
basin
are
likely
to
fall
during
the
next
several
decades.
The
demographic
and
economic
projections
provide
the
setting
in
which
subsequent
projections
of
land
uses,
specialized
land
uses,
and
materials
usages
were
made.
The
last
portion
of
this
section
summarizes
the
metho—
dologies
used
and
the
rationale
underlying
the
development
of
these
projections.
Summary and Conclusions
Depending
on
the
OBERS
Series
utilized,
the
Lake
Erie
basin
will
experience
between
a
35
percent
to
a
95
percent
population
growth
rate
by
2020.
The
lake basin
is
heavily
urbanized,
but
also has
areas
of
rich agricultural
lands.
These
will
remain
the
predominant
land
uses.
In either projection series, changes in specialized land uses and
materials usages are not directly dependent upon economic and demographic
trends.
Specialized land use trends depend, in addition,
upon available
technologies, land characteristics and specific economic factors which
many times are not directly related to the larger regional economy. The
,economic aspects of current agricultural practices will determine to a
great extent trends in the types and levels of materials used in the Lake
Erie
basin
throughout
the
next
decades.
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Table 110
POPULATION GROWTH(1)(2)
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Table 111
POPULATION LEVELS: 1950-197l(2)
1950 1962 1969 1970 1971
Lake Erie
basin 8,558,663 10,697,821 11,453,257 11,547,714 11,629,261
PSA 4.1 3,470,762 4,337,788 4,818,922 4,861,723 4,912,126
PSA 4.2 1,320,150 1,589,978 1,708,184 1,731,553 1,743,286
PSA 4.3 2,242,798 2,909,775 3,078,741 3,108,981 3,123,815
PSA 4.4 1,524,953 1,360,280 1,847,410 1,845,457 1,850,034
260
 Economics
In
all
c
a
t
e
g
o
r
i
e
s
,
the
L
a
k
e
Erie
b
a
s
i
n
r
e
g
i
s
t
e
r
e
d
about
the
same
e
c
o
n
o
m
i
c
s
h
a
r
e
(earnings
by
s
e
c
t
o
r
/
a
r
e
a
population)
as
the
Great
L
a
k
e
s
Basin
as
a
whole.
In
manufacturing,
Lake
Erie's
economic
share
is
slightly
above
that
of
the
Basin,
and
in
government
it
is
slightly
below.
The
Lake
Erie
basin
ranks
second
in
the
Great
Lakes
Basin
in
terms
of
get
capita
income,
averaging
$3,822
in
1970.
The
labor
force
participation
is
the
same
overall
as
the
Great
Lakes
Basin.
Table 112
\
POPULATION,
EMPLOYMENT,
PERSONAL
INCOME,
AND
EARNINGS
‘
BY
INDUSTRY,
1970
(2)
‘
1
\
Gnu Luke- 1" It].
Iuh
_§-in__
PIA 1.1
PIA 1.1
_m 1.!
m
1.1
W“.
i”
19"”,179
11.5".711
£091."!
1.111.593
3.1.,”1
1.015. 51
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v.- uyn. he... “1. (LL-1.00) 1.09 1.01 1.17 Loo L" L0,,
m1 color-qt 11,199,711 1,152,110' 1,011,061 670,591 1,215,760 70L.“
Wm-tlmiutim ratio .39 .39 .3! .39 .‘0 .‘ﬂ
“.1 porno-1 inco-
111.069.?“
99.131.039
19.712.677
6,037,997
11,962,901
6,107,061
and uni... 90.6%.”! 36,391,157 16,511,155 1,916,130 9,991,313 L155ng
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Piper III Illid prollctl - — — _ 1 _
hinting Ind publiohi.‘ - - - — _ _
Mic-l- oud allied producll - — - - - _
Mroleu refining - - - - _ _
hI-ry let-la - - — — - _
Fabricated netnls 1 ordinanc- ~ - — — - .
ﬁchiury, excluding electric-1 ~ - - — - ..
Iiectriul Inching“ I uunliel - — - - .. -
In" vehicles 1 equip-en! - - - _ _ _
Ynamrtuion equip., excl. an "bl. — — — .. _ _
Mar lanai-clutin — — - _ _ _
tr-.. co-. 0 public utilitien 1,961,189 2,207,177 906,319 315,909 689.00) 365,776
~l‘ie Ind vet-11 trade 11.7%.“)! 9,706,120 2,517,990 755,067 1,659,216 101,155
lune, inurllun 1 real nut: 3.909.791 1,122,203 669,360 150,131 111.307 103.321
Icrvku 12,379,917 1,056,711 2.157.677 579,201 1,390,712 629.03!
“It 11,222,060 1,210,157 1,909,090 155,115 1,037,111 719,970
hilt-1 gout-ant 1,921,828 729,621 300.709 63.019 251,016 102,050
Ital. and local won—en: 8.613.999 3.361.169 1,610,361 375,301 718,991 610,510
ﬁnd (one. 653.031 130.507 50.701 17,110 33,270 29,110
 
‘hlm in (or 1960
I—upmnu 90.0 to 99.9 percent 0! the true "In:
krone-mt! 60.0 to 79.9 percent of the true "II-I
rum-nu 10.0 to 59.9 percent a! the true value
r+tﬁﬂntt 20.0 to 39.9 parent of ti. In. "In.
o—nprunuo taro n 19.9 putt-t 9! ti. "a who
0-“- —11 n project
261
 
Agricultural Produc t ion
 
The major agricultural crops grown in the Lake Erie basin in order
of rank are: grain corn, soybeans, wheat, and oats. Planning Subarea 4.2
produces the most of each of these crops. Planning Subarea 4.1 leads in
the production of corn silage and dried edible beans. Planning Subareas
4.3 and 4.4 are not used as extensively for agriculture.
  
Table 113
AGRICULTURAL PRODUCTION, CURRENT NORMAL AVERAGE (1958-1972)(2)
(1000 ' 3)
Great Lakes Lake Erie
£592
_U_n__£
_t_s
__J
a~8
1n_
‘
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n__
PSA
4.1
PSA
4.2
PSA
4.3
PSA
4.4
when:
Bu
68,51
4
27,82
9
6,625
18,80
5
1,533
866
03:5
Do
102,
135
23,3
17
5,53
8
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9
3,42
0
RYE
lb.
1,62
4
510
134
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90
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9
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8
25,
205
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1
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Corn
silage
Ton
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2,942
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Soybeans nu. 65,426 45,798 6,031 38,755 1,012 —
Dry 5
.0. b
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1.70
1.1.5
—
—
24
'
Sugar b
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Ton
1,515
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353
—
-
i
Potat
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Out.
20,22
6
3,274
913
602
608
1.151
1
Fruits
Ton
1,095
255
41
26
38
150
:
Comm.
veget
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Cut.
46,36
3
10,86
7
3,145
3,951
737
3,034
Alfalf
a hay
“
Ton
8,991
1,411
479
582
108
242
Clove
r & T
imoth
y hay
Ton
3.070
908
102
286
144
376
~
Cropla
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ture*
Ton
699
-
—
—
—
-
Improv
ed pa
sture"
Ton
—
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—
—
-
-
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e* T
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—
-
—
-
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—
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ov. p
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" T
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-
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E
i *Alfalta hay equivalents (tons).
“Less than 500 units.
To Convert From 3‘2 Multiglz B!
It Tons (ton) Kilograms (kg) 907.2
1 Metric ton 0.907
.2 Hundredweight (cut) Kilogram (kg) 202.5
, Bushels (bu) Rectolitre (hl) 0.352
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 Livestock
Planning
Subarea
4.2
produces
the
majority
of
the
total
livestock
in
the
Lake
Erie
basin.
This
is
partially
due
to
the
large
numbers
of
chickens
and
swine
raised
there.
The
remainder
of
the
livestock
is
fairly
well
split
between
the
planning
subareas,
with
Planning
Subarea
4.1
having
a
slightly
higher
level
of
production.
Table 114
LIVESTOCK: 1972(3)
Lake Erie
 
basin
PSA
4.1
PSA
4.2
PSA
4.3
PSA
4.4
Swine
1,063,596
104,500
915,783
28,950
14,363
Cows & Heifers
Calved
491,857
111,400
172,989
86,589
120,879
Heifers, Steers,
Bulls,
Calves
550,521
173,600
261,042
21,811
94,068
Sheep
& Lambs
254,135
70,400
165,112
9,100
9,523
Horses
&
Ponies
148,638
55,975
41,193
25,548
25,922
Chickens
8,807,844
916,500
6,469,919
739,148
682,277
Turkey
Hens
234,960
—
216,710
—
6,250
Turkeys
Raised
2,298,100
—
2,115,600
—
62,500
Land Use
In the Lake Erie basin, the total land area encompasses 6,349,800
hectares (15,678,400 acres). Compared to the Great Lakes Basin, the Lake
Erie basin has more land in urban and cropland uses and less in forest
lands than the Basin as a whole. The basin is not extensively forested.
The only planning subarea having more than one half the Great Lakes Basin
average of forest lands is Planning Subarea 4.4, with 44 percent of its
total land area in forest lands. Planning Subareas 4.1 and 4.2 have well
over the Great Lakes average of area in cropland.
The growth in population of this lake basin has resulted in the
conversion of cropland to urban uses. This will probably continue to
occur into the future.
Currently, in the Lake Erie basin, 73 percent of the cultivated agri-
cultural lands are in cropland use, with row crops accounting fOr the
majority of this use. Permanent pasture accounts for 88 percent, and
idled cropland 20 percent of the cultivated agricultural land use.
Row crops are most important in Planning Subarea 4.2, where they
account for 74 percent of the Lake Erie total row crop acreage. Planning
Subarea 4.2 leads as well in average devoted to small grains, hay and
pasture. Planning Subarea 4.4 leads in acreage devoted to specialty crops
in this category, with one-third of the basin total acreage. Planning
Subarea 4.1 leads in idled cropland, and Planning Subarea 4.4 in perma-
nent pasture.
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Table 115
(4)
(Area measured by county boundaries)
(1000 acres)
  
unnAu CROPLAND PASTUII RANGE roazsr LAND OTHE
Total Percent Percent Percent Percent
Land Area ﬁe; kind Area A_re3 Land Area 113 Land Area 512 L_and Area Ari
Lake 0
:12 b
alln
15,678
.4
2,421.
3
15
8,550.
7
55
715.4
5
3,022.
4
19
968.6
254 4.
1
3,900.
4
759.5
19
2,215.
6
56
117.7
3
665.7
17
221.9
Michig
an
3,980.
4
759.5
19
2,215.
6
56
117.7
3
665.7
17
221.9
234 4.
2
6,319.
5
567.8
9
4,735.
1
74
213.8
4
453.4
7
349.4
Indian
a
800.6
102.2
12
638.9
73
40.6
4
71.9
8
27.0
Ohio 5,438.9 465.6 9 4,096.2 76 173.2 3 381.5 7 322.3
254 4.
3
1,308.
6
609 0
26
741.3
32
131.3
6
538.8
23
288.2
0616 2,308.6 609.0 26 741.3 32 131.3 6 538.8 23 288.2
PSA 4.4 3,069.9 485.0 16 858.7 28 252.6 8 1,364.5 44 109.1
Pennaylvlall 519.1 49.1 10 142.2 27 41.2 8 223.7 43 62.9
New York 2,550.8 435.9 17 716.5 28 211.4 8 1,140.8 45 46.1
To Convert Fro. T_o initial! 31
Acres (acre) Hectares (he) 0.605
Table 116
AGRICULTURAL ACREAGE UNDER CULTIVATION BY CATEGORIES
CURRENT NORMAL AVERAGE (1958—1972) 4
(1000 acres)
Lake Erie
basin PSA 4.1 PSA 4.2 PSA 4.3 PSA 4
Specialty Crops
337.3
96.3
93.2
35.6
111
Row Crops
3,785.7
744.3
2,793.9
162.8
8Z
Small Grains
1,178.5
278.3
728.3
82.1
8?
Hay & Pasture
1,435.1
311.5
538.1
261.0
32¢
TOTAL CROPLAND
6,736.6
1,430.4
4,153.5
541.5 '
612
Idled Cropland
1,814.0
785.1
581.6
199.8
24?
Permanent
Pasture
715.5
117.8
213.8
131.3
251
TOTAL 9,266-1 2,333.3 4,948.9 872.6 1,11:
To
Convert
From
To
Multiglz
BX
Acres (acre)
Hectares (ha) 0.405
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Alternative Futures
Any
specific
set
of
economic,
demographic,
and
land
use
projections
is
subject
to
considerable
conjecture.
Therefore,
at
least
two
sets
of
alternative
futures
are
considered.
The
projections
in
this
report
are
based
on
the
1972
Revised
OBERS
Series
C
and
Series
E
national
economic
and
demographic
projections.
Population,
personal
income,
and
cropland
harvested
differences
between
the
two
Series
are
caused
primarily
by
different
population
growth
rate
assumption.
However,
the
following
additional
changes
also
contribute
to
differences
in
the
two
projections.
(l)
The
hours
worked
per
year
are
projected
to
decline
at
the
rate
of
0.35
percent
per
year
in
the
Series
E
data,
while
the
Series
C assumed
a 0.25 percent rate.
(2)
The projected
rate
of
increase
in
product
per man
per
hour
in
private
economy
is
lowered
from
3.0 percent
in the
Series
C projections
to 2.9 percent in the Series E projections.
(3)
Earning per worker in the individual industries at the national
level are projected to converge towards the all—industry rate more slowly
in the Series E projections
than is found in the Series C projections.
(4)
Income data for 1970 and 1971 and total employment data for
1970 were included in the Series E projections.
This additional infor-
mation was not available for the Series C information, and has caused
some changes in certain area projections.
(5) On the basis of the President's 1974 budget message to Congress,
a smaller military establishment has been assumed.
The differences in population growth between the Series C projections
and Series E projections lies mainly in the total fertility rates per
1,000 women assumed to be attained by the year 2005. For Series C, the
total fertility rates per 1,000 women is assumed to be 2,800 by the year
2005 and for the Series E projections, the assumed fertility rates per
1,000 women are 2,100 for the year 2005. The Series E projections move
more quickly towards a near zero population growth level. Due to the
present character of the age structure of the population, a near zero
growth is not reached until the middle of the 21st Century. While neither
projection trend is probably an accurate picture of the eventual growth
rate in the Lake Erie region by the year 2020, the probably growth rate
will likely fall somewhere in between these ranges.
Demographic Trends
Population projections for the Lake Erie basin range from a low of
12,442,500 persons to 13,424,200 persons by 1980 based on the Series E
and Series C projections respectively. Series C projects increased growth
throughout the basin for all three periods. By 2000, the population will
grow by 50percent, and by 2020, 95 percent from the population levels in
1970. Series E projects population increasing 24 percent by 2000, and
36 percent by 2020, based on 1970 population levels overall. The two
projections forecast either a gradually increasing population as contained
in the Series E projections, or a rapidly increasing population growth
rate, as contained in the Series C projections.
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Table
117
AGRICULTURAL
LAND
USE:
CURRENT
NORMAL
AVERAGE
(1958—1972)(2)
(1000's)
GREAT LAKES
LAKE ERIE
PSA 4.1
PSA 4.2
pSA 4,3
pSA 4.4
 
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
   
(1122
Wheat
1,756.3
710.7
765.0
309.6
183.4
74.2
509.5
206.2
46.6
18.9
25.5
10.3
Oats
1,695.9
686.4
388.6
157.3
88.0
35.6
207.2
83.9
32.1
13.0
61.3
24.8
Rye
59.8
24.1
17.5
7.1
4.7
1.9
9.1
3.7
1.5
0.6
2.2
0.9
Barley
44.7
18.1
6.0
2.4
2.2
0.9
2.5
1.0
0.5
0.2
0.8
0.3
Misc.
small
grains
42.6
17.3
1.4
0.6
—
-
-
-
1.5
0.6
—
—
Corn
for
grain
4,369.5
1,768.2
1,657.5
670.7
340.8
137.9
1,201.0
486.0
80.6
32.6
35.1
14.2
Corn
silage
1,220.8
494.1
240.4
97.3
92.6
37.5
66.7
27.0
32.1
13.0
49.0
19.8
soybean
2,605.5
1,054.2
1,835.1
742.6
258.8
'
104.7
1,526.2
6.7.6
50.1
20.3
-
—
Dry
3.9,
beans
755.3
305.6
52.7
21.3
52.1
21.1
—
—
_
-
0,5
0,2
Sugar beets
124.8
50.5
53.1
21.5
19.5
7.9
33.6
13.6
-
—
—
—
Potatoes
151-7
61-4
30.8
12.4
13.8
5.6
4.3
1.7
7.0
2.8
5.7
2.3
Fruits
600.1
243.2
114.1
46.2
19.9
8.1
10.9
4.4
15.6
6.3
67.7
27.4
Comm.
vegetables
520-5
210.6
139.3
56.4
43.1
17.4
44.4
18.0
13.0
5.3
38.8
15.7
Comm.
sod
52-7
21.4
20.7
8.4
17.2
7.0
0.9
0.4
2.6
1.0
-
—
Alfalfa
hay
3,699.1
1,497.0
609.4
246.6
213.8
86.5
258.4
104.6
47.3
19.1
89.9
36.4
clover
5
Timothy
hay
1,921.1
777.3
624.5
252.7
67.8
27.4
185.9
75.2
181.8
73.6
189.0
76.5
Cropland
pasture
1,041.6
421.5
180.5
73.1
12.7
5.1
92.9
37.6
29.3
11.9
45.6
18.5
Idle
cropland
7,947.4
3,216.2
1,814.0
734.2
785.1
317.7
581.6
235.4
199.8
80.9
247.5
100.2
Total
cropland
‘28,609.2
11,578.2
8,550.6
3,460.4
2,215.5
896.5
4,735.1
1,916.3
741.3
300.1
858.7
347.5
Improved
pasture
934.2
378.1
242.0
98.0
30.3
12.3
81.3
32.9
45.7
18.5
84.7
34.3
908.8
455.3
184.2
87.3
35.3
132.5
53.6
85.6
34.6
149.9
60.7
N. Improv. pasture
324.6
131.3
17.0
6.9
—
-
—
—
—
-
17.0
6.9
Total
pasture
3,504.4
1,418.4
714.3
289.1
117.6
47.6
213.8
86.5
131.3
53.1
251.6
101.9
Total Ag. Landl/
32,113.6
12,996.1
9,266.1
3,749.5
2,333.3
944.1
4,948.9
2,002.8
872.6
353.2
1,111.3
449.4
2
6
6
Improvable pasture 21245-7
1
/
—
Totals
may
not
add
due
to
rounding.
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Table 118
D
E
M
O
G
R
A
P
H
I
C
P
R
O
J
E
C
T
I
O
N
S
(
1
)
(
2
)
  
1970
1980
2000
2020
SERIES
C
SERIES
E
SERIES
C
SERIES
E
SERIES
C
SERIES
E
Lake
Erie
basin
11,547,714
13,424,200
12,442,500
17,548,400
14,262,300
22,577,400
15,679,100
PSA
4.1
4,861,723
4,697,482
5,337,100
7,497,156
6,213,700
9,652,042
6,825,100
PSA
4.2
1,731,553
2,018,818
1,923,400
2,692,744
2,330,400
3,557,158
2,661,800
PSA
4.3
3,108,981
3,610,800
337,100
4,714,900
3,707,400
6,053,700
4,030,500
PSA
4.4
1,845,457
2,097,100
1,844,900
2,643,600
2,010,800
3,314,500
2,161,700
Economic Trends
Per
capita
income
levels
vary
by
only
about
five
percent
between
the
Series
C
and
Series
E
projections.
The
greatest
divergence
is
in
Planning
Subarea
4.4,
where
by
the
year
2020
the
subarea
is
projected
to
have
a
$14,658
per
capita
income
based
on
Series
C
and
a
$13,500
per
capita
income,
based
on
Series
E
projections.
In
all
time
periods
for
all
planning
subareas,
the
per
capita
income
is
equal
to
or
above
the
U.S.
average
in
Series
E.
This
is
true
for
Series
C
as
well,
except
in
Planning
Subarea
4.2
in
2020,
where
the
subarea
per
capita
income
is
99
percent
of
the
U.S.
per
capita
income.
The
per
capita
income
generally
moves
upward
from
1970
to
1980
and
then
downward
to
2020,
relative
to
the
U.S.
per
capita
income.
Exceptions
are
Planning
Subarea
4.3
where
the
per
capita
income
relative
to
the
U.S.
increases
through
time,
and
Planning
Subarea
4.4,
where
it
increases
through
time
relative
to
the
United
States.
The
relationship
to
the
national
average
is
in
part
dependent
upon
productivity
and
overall
economic
growth,
as
well
as
per
capita
income
consumption
and
demand.
Total
employment
figures
differ
in
the
two
pro—
jections
based
upon
population
level
expectations.
The
employment
to
population
ratio
moves
upward
in
both
projections,
but
reaches
an
average
level
of
.42
by
2020
in
Series
C
and
.45
by
2020
in
Series
E.
In
all
planning
subareas,
the
acceleration
of the
employment
to
population
level
is greater in the Series E projections than in the Series C projections.
1
Total earnings in the Series E projections are expected to be about
50 percent less by 2020 than those projections for Series C.
With respect
1
to earnings by sector,
the agricultural sector declines from slightly less
than one percent of total earnings in 1980 to well less than one percent
1
in 2020 in both Series C and Series E.
Planning Subarea 4.2 has the
.
largest percentage of earnings in agriculture--about 3 percent in 1980 in
both projections, but this declines by 2020 to about one percent of total
earnings.
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C
o
n
t
r
a
c
t
construction
remains
fairly
constant
at
about
5
to
6
percent
in
both
the
projections.
Manufacturing
earnings
as
a
percent
of
the
total
earnings
a
r
e
e
x
p
e
c
t
e
d
to
d
e
c
l
i
n
e
f
r
o
m
40
to
30
p
e
r
c
e
n
t
in
Series
E,
and
f
r
o
m
41
to
33
percent
in
Series
C.
The
declines
in
each
of
the
lake
basins
are
also
about
eight
percent.
Earnings
in
the
transportation
sector
are
expected
to
remain
fairly
constant
in
the
Series
E
projections,
and
will
decline
by
only
about
one
percent
by
2020
in
the
Series
C
projections.
The
wholesale
and
retail
trade
earnings
as
a
percent
of
total
earnings
vary
by
projections.
Series
E
predicts
a
2
percent
decline
in
share
of
total
earnings,
while
Series
C
projects
a
one-half
of
one
percent
increase.
All
planning
sub—
areas
are
projected
to
increase
slightly
in
the
Series
C
projections,
but
will
decrease
in
Series
E
in
earnings
relative
to
the
total
earnings
in
finance,
insurance,
and
real
estate
increased
by
about
one
percent
in
Series
E
relative
to
total
earnings.
Earnings
are
also
projected
to
increase
in
Series
C
although
to
a
lesser
extent.
Each
subarea
is
projected
to
increase
slightly.
Both
Series
C
and
Series
E
project
increases
in
earnings
in
the
service
sector
as
a
percentage
of
total
earnings.
Series
E
foresees
a
greater
increase
from
16
to
23
percent,
while
Series
C
foresees
an
increase
from
15
to
18
percent
of
total
earnings
between
1980
and
2020.
The
increase
in
each
of
the
planning
subareas
in
Series
E
will
be
six
to
seven
percent,
while
in
Series
C
the
increase
will
be
three
to
four
per-
cent.
Earnings
in
the
government
sector
as
a
percent
of
the
total
are
expected
to
increase
in
Series
C
and
E,
the
increase
will
be
from
about
three
to
four
percent
for
both
projections
in
each
planning
subarea.
Compared
to
the
1970
information
of
earnings
by
industry,
the
pro-
portion
of
earnings
from
the
different
sectors
of
the
economy
remains
relatively
stable
(less
than five
percent
increase or decrease)
with
the
exception
of manufacturing
and
services.
Manufacturing
is
projected
to
decrease
from
the
current
Lake
Erie
average
of
42
percent
of
total
earnings to 31 to 33 percent by 2020,
depending upon the series used.
Services
earnings will increase from an average of 13 percent in 1970 to
18 to 23 percent in 2020.
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Table 119
POPULATION,
EMPLOYMENT,
PERSONAL
INCOME,
AND
EARNINGS
BY
INDUSTRY;
1970,
1980,
2000,
2020
LAKE ERIE BASIN - SERIES C
/
.122
w
me
am
POWI‘UW' “dye”
11-5‘7i71‘
13.424.200
17,548,400 '
22,577,400
Per capita
income
(1967 dollars)
3,622
5,274
8,891
15,049
Per capita income Rel. (U.S.=1.00) 1_01 1.11 1.07 1.06
Tota1 employment
4,452,410
5,444,400
6,325,200
9,308,100
Employment/population
ratio
.39
.41
.36
.42
Total personal income
44,131,039
70,801,300
156,022,700
339,759,200
Total earnings
36,594,157
57,491,200
123,111,700
262,063,400
I’lz’
Agriculture, forestry 5 fisheries
373,919a
412,900
523,900
913,300
Agriculture
410,400
520,100
907,500
Forestry and fisheries
1,200
1,900
2,900
' a "
Mining
40,456c
106,400
187,700
337,700
Metal
,,/// Coal
///’/
Crude petroleum & natural gee
(D)
(D)
(D)
I.’
Nonmetallic, except fuels
(D)
(D)
(D)
E5
Contract construction
2,118,647
3,462,600
7,384,600
15,598,500
I /
Manufacturing
15,512,179
23,495,800
44,695,800
86,789,600
'
Food a kindred products
801,500
1,253,500
2,019,850
Textile mill products
(D)
(D)
(D)
Apparel 8 other fabric productl
(D)
(D)
(D)
Lumber products & furniture (0) (D) (D)
Paper and allied products
275.400
565.500
1.165.100
/ Printing and publishing (D) (D) (D)
Chemicals and allied products (D) (D) (D)
Petroleum refining (D) (D) (D)
primary metals
1,358,000
1,936,300
2,834,700
Fabricated metals 5 ordinance
(D)
(D)
(D)
Machinery, excluding electrical 396229900 7,272,500 149506.300
, ’ ’ Electrical machinery a supplies (D) (D) (0)
Motor vehicles 5 equipment (D) (D) (D)
Transportation equip., exc1. mtr vehe. (D) (D) (D)
Other manufacturing 2,390,900 9,713,700 9,432,900
Trans., comm. & public utilities 2,287,177 3,276,600 6,476,600 13,094,900
Wholesale and retail trade 5.706.423 4,061,500 19,379,200 43.190,200
Finance, insurance 6 real estate 1,422,203 2,275,500 5,040,900 11,060,300
Services 4,856,711 8,391,400 20,817,100 48,249,000
Government 4,228,387 7,007,000 18,104,400 42,828,300
Federal government 728,624
State and local government 3,361,169
Armed forces 138,587 174,300 290,800 484,700
*Ewloymenc is for 1960
a—represents 80.0 to 99.9 percent of the true value (D)
b’fepresents 60.0 to 79.9 percent of the true value
C‘representa 40.0 to 59.9 percent of the true value
d‘represents 20.0 to 39.9 percent of the true value
20% e‘represents zero to 19.9 percent of the true value
s‘too small to project
Del
ete
d t
o a
voi
d d
isc
los
ure
of
dat
a p
ert
ain
ing
to
an individual establishment.
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POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS
Table 120
BY INDUSTRY; 1970, 1980, 2000, 2020
LAKE ERIE BASIN ~ SERIES E
 
1212 J!!! 2999 2929
POPﬂlltion» li‘YCIf 11,547,714 12,442,500 14,262,300 15,679,100
Per cnpita income (1967 dollere) 3,822 5,249 8,853 14,258
Per capita income Rel. (0.8.-1.00) 1.01 1.12 1.09 1.08
Total employment 4,452,410 5,396,100 6,452,300 7,026,800
Employment/populetion ratio .39 .43 .45 .45
1,000 1 67 dollar
Total personal income 44,131,039 65,306,800 126,257,800 223,549,100
Total earnings 36,594,157 53,569,200 100,776,600 175,881,500
Agriculture. fort-try 6' “mad” 373,919.: 422,900 501,800 629,800
Agriculture - 420,600 498,800 625,500
Forestry end fieheriee - 1,100 1,400 2,000
Mining 40,456c 88,700 125,700 ' 174,500
Metal ~ 5,300 5,900 7,200
Cool - 2,000 3,300 5,100
Crude petroleum 6 natural gee - 10,800 12,400 14,900
Nonmctallic, except fuele - 70,100 103,400 146,300
Contract construction 2,118,647 3,051,300 5,545,800 9,264,800
Manufacturing 15,512,179 21,111,800 35,116,500 55,906,800
Food 6 kindred producte - 748,800 1,009,100 1,364,700
Textile mill producte - 72,800 94,200 125,500
Apparel 6 other febric products - 155.300 385,700 566,900
Lumber products a furniture - 232,500 348,100 513,100
Paper.end allied products r 303,300 511,000 817,900
Printing and publiehing - 750,100 1,399,100 2,360,400
Chemicals and ellied producte - 858,800 1,479,900 2,463,800
Petroleum refining - 174,600 280,200 421,000
Primary motels - 1,798,100 2,333,500 3,067,200
, Fabricated motels a ordnance - - 2,341,100 3,781,300 5,880,700
Machinery, excluding electricel - 2,731,000 4,298,100 ‘6,566,000
Electrical machinery 6 euppliee ° 1,622,900 3,428,000 6,370,700
Pbtor vehicles 6 equipeent 6,546,100 11,270,800 13.129.300
Transportation equip., exel. mtr. - 384,800 526,400 727,200
vehs . _
Other manufacturing ‘ 2.188.300 3,968,500 6,529,200
Trans., comm. 6 public utilities 2,287,177 3,296,100 6,147,200 10,558,400
Wholesale and retell trade
5,706,428
8,059,800
13,980,200
22,706,700
'Finance, insurance a reel eltete 1,422,203 2,437,800 5,254,300 9,754,900
Services
4,856,711
8,530,500
19,831,000
39,488,000
Government
4,228,387
6,568,300
14,272,500
27,285,900
Federal government
728,624
1,073,300
2,201,300
4,380,700
State and local government 3,361,169 5,359,500 11.353.700 22,553.400
Armed forces
138,587
135,400
217,200’
351,400
*Employment ii for 1960.
n~represents 80.0 to 99.9 percent of the true value
h-represente 60.0 to 79.9 percent of the true value
c-representa 40.0 to 59.9 percent of the true value
d-representa 20.0 to 39.9 percent of the true velue
c-reproscnte zero to 19.9 percEnt of the true value
s-too smell to project
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Agricultural Trends
Grain,
corn,
soybeans,
oats,
commercial
vegetables,
and
wheat
will
continue
to
comprise
the
major
crop
output
in
the
Lake
Erie
basin
based
on
both
the
Series
C
and
E
projections.
Crops
shown
as
increasing
in
production throughout the time period in Series C, but decreasing in
Series
E,
are wheat,
rye,
potatoes,
and
alfalfa
hay.
Oats
are
signifi-
cantly
higher
in
the Series
E projections
than
in
Series
C.
This
is
due
to
the
increase
foreseen in
Series
C
to
the year
2000,
but
then
a rapid
decline thereafter.
The increase in soybeans is greater in Series E
than in Series C until the year 2000, at which time it begins to decline,
and by 2020 is slightly lower in Series E than in Series C.
The two projections vary in the amount of total production foreseen
in each planning subarea.
Series E projects that the share in Planning
Subarea 4.1 will increase from 20 to 26 percent of the total production
in the period to 2020 while Planning Subarea 4.2 decreases in its share
of total production from 71 to 62 percent. Series C projects that
production will decrease 2 percent in Planning Subarea 4.1 from 20 to
18 percent, while it will increase in Planning Subarea 4.2 from 71 to 74
percent.
The major differences between the two projections are in wheat and
oats. Wheat is projected to decline by about 50 percent in Series E,
bu to increase by about 30 percent in Series C. Oats are projected to
decrease 40 percent in Series C, but to increase 45 percent in Series E.
273
 
  
Table 121
CROP PRODUCTION 1980, 2000, 2020(2)
SERIES E
(1000's)
LAKE ERIE
PSA 4.1
PSA 4.2
  
Current
Current
Current
Crop
Units
Normal
19
2000
2020
Normal
198
2000
2929
Normal
1980
2000
2020
wheat
Bu.
27,829
26,220
22,388
15,416
6,625
7,450
6,396
4,928
18,805
16,791
14,553
9,360
Oats
Do.
23,317
27,040
32,140
33,888
5,338
7,110
8,455
9,577
12.590
13.447
15,194
14,722
Rye
Do.
510
452
465
381
134
137
130
90
270
189
176
99
Barley
Do.
253
270
265
224
111
114
120
111
Corn for grain
Do.
134,718
171,791
231,392
218,139
25,205
41,725
58,382
66,656
101,121
118,420
156,533
132,076
Corn silage
Ton
2,942
3,306
3,750
3,762
999
1,336
1,674
1,845
902
,981
1,115
1,021
Soybeans
Bu.
45,798
69,538
92,204
126,165
6,031
9,637
17,287
20,046
38,755
58,181
68,517
94,742
Dry E.D. beans
Cut.
470
616
704
780
446
609
704
780
~
-
—
Sugar beets
Ton
489
1,175
1,669
V 2,106
136
317
442
556
353
858
1,227
1,550
Potatoes
th.
3,274
2,788
2,637
2,237
913
956
1,209
1,254
602
439
419
311
Fruits
Ton
255
291
343
399
41
17
16
15
26
10
8
5
Comm. vegetables
Cvt.
10,867
20,097
26,008
30,861
3,145
5,280
6,596
6,384
3,951
8,822
12,166
15,420
Alfalfa hay*
Ton
1,411
1,179
1,149
994
479
470
457
398
582
378
363
261
Clover 6 Timothy hay*
Ton
908
797
720
564
102
96
74
35
286
178
134
57
Cropland pasture*
Ton
241
262
305
17
17
22
144
173
177
Improved pasture‘
Ton
434
453
623
52
57
63
147
181
193
Improvahle pasture*
Ton
1,181
528
588
70
77
82
114
145
167
N. Improv. pasture*
Ton
—
11
13
-
-
-
—
—
-
 
2
7
4
  
Current
Current
Crog
Units
Normal
1980
2000
3929
ﬂggﬂal_
1980
9999
2999
Wheat
Bu.
1,533
1,126
914
686
866
853
525
442
Oats
00.
1,769
2,447
3,457
3,532
3,420
4,036
5,034
6,057
Rye
Do
40
28
28
17
66
98
133
175
Barley
Do.
20
48
70
55
32
39
38
36
Corn for grain
Do.
6,043
7,327
7,923
7,521
2,349
4,319
8,554
11,886
Corn silage
Ton
349
326
340
364
692
663
621
532
Soybeans
Bu.
1,012
1,710
6,386
11,362
—
10
14
15
Dry E.D. beans
Cut.
—
—
—
-
24
7
**
*
Sugar beets
Ton
-
-
-
—
—
-
Potatoes
Cut.
608
480
362
248
1,151
913
647
424
Fruits
Ton
38
18
13
7
150
246
306
372
Comm. vegetables
Cut.
737
2,022
2,802
3,356
3,034
3,973
4,444
5,701
Alfalfa hay*
Ton
108
76
67
64
242
255
262
271
Clover & Timothy hay*
Ton
144
141
119
66
376
382
393
406
Cropland pasture‘
Ton
25
17
24
-
55
55
82
Improved pasture*
Ton
79
82
89
156
243
278
Improvable pasture*
Ton
90
92
94
168
220
245
N.Improv. pasture*
Ton
—
—
—
—
9
l]
13
*Alfalfa hay equivalents (tons).
**Less than 500 units.
To Convert From
13
Multiglx Bx
Tons (ton)
Kilograma (kg)
907.2
Metric ton
0.907
Hundreducight (CHL)
Kilogrnma
(kg)
202.5
nn_h-1- (nu)
n-r.o.1:r- (“)5
0.352
 
Table 122
CROP
PRODUCTION
1980,
2000,
2020(4)
SERIES
C
(1000's)
LAKE ERIE
PSA 4.1
PSA 4.2
 
Current
Current
Current
Grog
Un1t_s_
Normal
19 ‘
2000
02
N_o1;1,n_a;
1980
2000
2020
Normal
1980
2000
2020
 
Wheat
BU-
27,829
40,449
39,535
36,641
6,625
10,286
11,702
14,427
18,805
27,975
25,045
18,397
Oats
00-
23,317
26,860
31,189
14,700
5,538
6,367
6,723
3,288
12,590
12,454
19 140
7,747
Rye
Do.
510
513
617
813
134
127
151
186
270
272
366
491
Barley
Do.
253
1,004
980
844
90
296
242
169
111
533
544
506
Corn for grain
Do.
134,718
130,220
183,143
245,953
25,205
24,537
26,608
35,202
101,121
97,411
148 297
198,760
Corn silage
Ton
2,942
3,389
4,578
5,594
999
1,121
1,184
1,188
902
1,404
2,197
2,669
Soybeans
Bu.
45,798
75,370
96,843
123,946
6,031
11,833
12,648
17,201
38,755
61,880
81 776
104,266
Dry E.D. beans
Cut.
470
933
1,232
1,855
446
910
1,202
1,815
-
-
Sugar beets
Ton
489
1,061
1,742
2,698
136
344
565
875
353
717
1,177
1,823
Potatoes
th_
3,274
3,791
5.044
6,828
913
847
1,015
1,212
602
1,059
1,449
2,020
Fruits
Ton
255
255
363
526
41
21
31
44
26
18
26
37
Comm. vegetables
Cut.
10,867
17,191
23,017
31,893
3,145
4,705
5.461
6,859
3,95]
6,333
9,433
14,060
Alfalfa hay*
Ton
1,411
1,461
1,398
1,567
479
495
427
529
582
697
722
789
Clover 6 Timothy hay*
Ton
903
862
714
581
102
99
67
44
286
333
263
172
Cropland pasture"
Ton
268
287
368
19
17
22
169
198
240
Improved pastureﬁ
Ton
[‘9
533
564
49
50
47
170
190
Improvable pasture*
Ton
85
498
531
85
68
67
144
164
N. Improv.
pasture*
Ton
11
12
2
7
5
PSA 4.3
PSA 4.4
Current
Current
Crag
Untta
Normal
1980
2000
2020
Normal
1980
2000
2020
   
wheat
Bu-
1,533
1,594
2,063
2,797
866
594
725
1,020
Oats
00-
1,769
3,637
2,116
1,189
3,420
4,402
3,210
2,476
Rye
Do
40
25
25
34
66
a9
75
102
Barley
00-
20
118
121
113
32
57
73
56
Corn
for grain
90-
6,043
5,609
6.150
9,996
2,349
2,663
2,088
1,995
Corn silage
,Ton
349
220
285
420
692
644
912
1.317
Soybeans
Bu-
1,012
1,657
2,419
2,479
**
**
Dry
E.D.
beans
Cut.
Sugar
beets
Ton
-
-
_
—
24
23
30
40
Potatoes
Cut.
608
678
928
1,293
1,151
1,207
1,652
2,303
Fruits
Tan
38
31
44
64
150
185
267
381
COMM-
VESECHbles
CVt-
737
1,086
1,192
1,372
3,034
5,067
6,951
9,602
Alfalfa hay*
Ton
108
68
57
87
242
201
192
162
Clover
6
Timothy
hay‘
Ton
144
129
100
77
376
301
284
288
Cropland
pasture‘
Tan
25
17
24
55
SS
82
Improved
pasture*
Ton
72
68
241
259
Improvable
pasture*
Ton
75
72
211
228
N.Improv.
pasture*
Ton
*Alfalfa hay equivalents (tons).
**Less
than 500 units.
To Convert From
13
Hulttglz 32
Tons (ton)
Kilogram: (kg)
907.2
Metric ton
0.907
Hundredueight
(cut)
Kilogram:
(kg)
202.5
lunhell (bu)
Hectolttrn (hl)
0.352
 
   
Livestock Trends
The
livestock
production
for
eight
livestock
products
based
on
Obers
Series
C
and
E
data
are
presented
in
Tables
123
and
124.
In
Series
C,
all
livestock
are
projected
to
increase
throughout
the
time
period
1980~2020.
Series
E
projects
s
ub
s
t
a
n
t
i
a
l
increases
only
in
turkey
production.
Lambs
and
mutton,
chickens,
eggs,
and
m
i
l
k
are
all
p
r
o
j
e
c
t
e
d
to
d
e
c
l
i
n
e
t
h
r
o
u
g
h
o
u
t
the
t
i
m
e
p
e
r
i
o
d
in
S
e
r
i
e
s
E.
W
i
t
h
the
S
e
r
i
e
s
C
p
r
o
j
e
c
t
i
o
n
s
,
e
a
c
h
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
'
s
s
h
a
r
e
of
the
L
a
k
e
E
r
i
e
t
o
t
a
l
p
r
o
j
e
c
t
e
d
o
u
t
p
u
t
r
e
m
a
i
n
s
c
o
n
s
t
a
n
t
for
t
h
e
t
i
m
e
p
e
r
i
o
d
1
9
8
0
—
2
0
2
0
.
I
n
S
e
r
i
e
s
E,
p
r
o
j
e
c
t
e
d
s
h
a
r
e
s
v
a
r
y
b
y
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
b
e
t
w
e
e
n
1
9
8
0
a
n
d
2
0
2
0
,
t
h
e
m
o
s
t
s
i
g
n
i
f
i
c
a
n
t
b
e
i
n
g
a
n
i
n
c
r
e
a
s
e
i
n
b
e
e
f
p
r
o
d
u
c
t
i
o
n
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
f
r
o
m
4
4
t
o
4
9
p
e
r
c
e
n
t
o
f
t
h
e
L
a
k
e
E
r
i
e
total.
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
w
i
l
l
p
r
o
d
u
c
e
t
h
e
b
u
l
k
o
f
t
h
e
l
i
v
e
s
t
o
c
k
i
n
b
o
t
h
t
h
e
S
e
r
i
e
s
C
a
n
d
E
p
r
o
j
e
c
t
i
o
n
s
.
O
t
h
e
r
t
h
a
n
b
r
o
i
l
e
r
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
3
,
a
n
d
b
e
e
f
,
c
h
i
c
k
e
n
s
,
a
n
d
m
i
l
k
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
,
P
l
a
n
n
i
n
g
S
u
b
-
a
r
e
a
s
4
.
3
a
n
d
4
.
4
g
e
n
e
r
a
l
l
y
p
r
o
d
u
c
e
l
e
s
s
t
h
a
n
1
0
p
e
r
c
e
n
t
o
f
t
h
e
L
a
k
e
E
r
i
e
b
a
s
i
n
t
o
t
a
l
.
M
o
s
t
o
f
t
h
e
b
e
e
f
i
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
(
4
9
p
e
r
c
e
n
t
)
a
n
d
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
1
(
2
8
t
o
3
5
p
e
r
c
e
n
t
)
b
y
2
0
2
0
.
P
o
r
k
p
r
o
d
u
c
t
i
o
n
i
s
l
a
r
g
e
l
y
c
o
n
c
e
n
t
r
a
t
e
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
w
i
t
h
8
5
t
o
8
8
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
p
r
o
d
u
c
t
i
o
n
b
y
2
0
2
0
.
L
a
m
b
a
n
d
m
u
t
t
o
n
a
r
e
c
o
n
c
e
n
t
r
a
t
e
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
s
4
.
1
(
2
0
t
o
2
6
p
e
r
c
e
n
t
)
a
n
d
4
.
2
(
6
2
t
o
7
1
p
e
r
c
e
n
t
)
b
y
2
0
2
0
.
C
h
i
c
k
e
n
s
a
r
e
p
r
e
d
o
m
i
n
a
n
t
l
y
f
o
u
n
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
(
6
2
t
o
7
5
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
b
y
2
0
2
0
)
.
B
r
o
i
l
e
r
s
a
r
e
c
o
n
c
e
n
t
r
a
t
e
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
a
s
w
e
l
l
,
w
i
t
h
7
9
t
o
9
0
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
b
y
2
0
2
0
,
d
e
p
e
n
d
i
n
g
o
n
t
h
e
p
r
o
j
e
c
t
i
o
n
s
e
r
i
e
s
u
s
e
d
.
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
w
i
l
l
c
o
n
t
a
i
n
9
1
t
o
9
4
p
e
r
c
e
n
t
o
f
t
h
e
t
u
r
k
e
y
s
b
y
t
h
e
y
e
a
r
2
0
2
0
a
s
w
e
l
l
.
E
g
g
p
r
o
d
u
c
t
i
o
n
w
i
l
l
a
l
s
o
b
e
p
r
e
d
o
m
i
n
a
n
t
l
y
f
o
u
n
d
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
2
w
i
t
h
5
8
t
o
6
8
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
b
y
2
0
2
0
.
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
4
.
4
i
s
t
h
e
l
e
a
d
e
r
i
n
m
i
l
k
p
r
o
d
u
c
t
i
o
n
,
w
i
t
h
3
3
t
o
4
5
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
p
r
o
d
u
c
t
i
o
n
b
y
2
0
2
0
.
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
s
4
.
1
a
n
d
4
.
2
w
i
l
l
e
a
c
h
h
a
v
e
a
b
o
u
t
o
n
e
—
q
u
a
r
t
e
r
o
f
t
o
t
a
l
m
i
l
k
p
r
o
d
u
c
t
i
o
n
.
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Table
123
PROJECTED
LIVESTOCK
PRODUCTION(2)
SERIES
E
(1000
units)
  
Livestock
Production
Beef & Veal
Pork
Lamb 6 Mutton
Chicken
Broilers
Turkeys
Eggs
Milk
Units
Lb.
Lb
.
Lb.
Lb
.
Lb.
Lb
.
002.
Lb
.
LAKE ERIE BASIN
PSA 4.1
1960
1980
2_0(&
2020
1960
1980
2000
2020
1960
358,547
313,814
24,403
29,586
29,267
27,313
143,958
3,803,534
307,892
310,318
5,779
21,791
10,422
51,792
122,458
3,740,413
355,654
317,371
422,278
322,035
82,913
36,189
101,505
125,300
146,825
40,160
40,633
40,637
3,817
2,545
5,254
1,449
852
515
16,813
12,378
3,849
2,572
1,699
1,079
3.380
901
531
148
42
9
77,452
93,404
1,116
935
1,152
1,211
112,783
99,108
20,201
18,268
16,686
14,532
3,567,037
3,304,984
1,015,796
954,581
862,438
781,300
175,302
259,097
17,333
18,904
22,049
22,762
89,119
1,130,654
PSA 4.2
1980
136,855
258,327
3,860
14,156
8,097
46,477
74,827
1,078,403
.2229
166,266
266,999
2,636
10,674
2,822
70,232
67,607
927,045
2020
208,248
273,050
1,802
7,616
71
4
85,092
57,882
804,134
Livestock
Production
Beef
& Veal
Pork
Lamb
& Mutton
Chicken
Broilers
Turkeys
Eggs
Milk
Units
Lb.
Lb
.
Lb
.
Lb.
Lb.
Lb
.
002.
Lb.
PSA 4.3
PSA 4.4
1960
1980
2000
2020
1960
1980
2000
35,674
30,789
37,129
48,166
64,658
38,742
26,959
19,039
11,709
7,928
7,645
7,183
6,819
3,903
2,094
1,101
319
225
158
715
151
103
70
3,061
1,995
1,398
908
3,772
3,068
3,041
2,102
1,751
398
110
4,585
427
119
69
1,983
3,621
5,432
6,574
1,452
760
636
528
16,198
13,382
11,647
9,725
18,440
15,981
16,842
552,497
444,203
392,496
347,232
1,104,587
1,263,227
1,385,058
1,472,319
To Convert
Fro:
12
Kilograns (kg)
Multiglx Bx
0.454
 
Pounds
(1b)
  
2
7
8
  
Ta
bl
e
12
4
PROJECTED LIVESTOCK PRODUCTION(2)
SERIES C
(1000 units)
LAKE ERIE BASIN
PSA 4.1
PSA 4.2
 
Livestock
Production
Units
1960
1980
2000
2020
1269
1980
2000
2020
1960
1980
2000
2020
Beef 8 Veal
Lb.
358,547
552,357
775,096
1,088,919
82,913
152,205
213,582
300,058
175,302
269,286
377,876
530,871
Pork
Lb.
313,814
486,448
671,488
931,795
36,189
42,017
57,999
80,483
259,097
429,744
593,216
823,180
Lamb 6 Mutton
Lb.
24,403
25,096
35,078
49,241
5,254
6,468
9,041
12,691
17,333
16,822
23,513
33,007
Chicken
Lb.
29,586
33,492
46,103
63,809
3,849
2,762
3,802
5,262
18,904
25,052
34,486
47,730
Broilers
Lb.
29,267
25,825
35,239
48,513
531
481
666
917
22,049
23,163
31,606
43,512
Turkeys
Lb.
27,313
63,509
87,207
120,581
1,116
1,394
1,914
2,647
22,762
59,482
81,677
112,934
Eggs
002.
143,958
151,476
208,382
289,378
20,201
14,933
20,543
28,528
'89,119
104,413
143,638
199,469
Milk
Lb.
3,803,534
4,255,812
5,828,806 8,044,899
1,015,796
1,260,635
1,726,580
2,383,020
1,130,654
1,190,600
1,630,659
2,250,630
PSA 4.3
PSA 4.4
 
Livestock
Production
Units
1960
1980
2000
2020
1960
1980
2000
2020
Beef & Veal
Lb-
35,674
60,618
85,062
119,502
64,658
70,248
98,576
138,488
Pork
Lb.
11,709
10,600
14,632
20,304
6,819
4,087
5,641
7,828
Lamb & Mutton
Lb.
1,101
956
1,336
1,875
715
850
1,188
1,668
Chicken
Lb.
3,061
3,446
4,743
6,565
3,772
2,232
3,072
4,252
Broilers
Lb.
2,102
839
1,145
1,576
4,585
1,335
1,822
2,508
Turkeys
Lb.
1,983
1,549
2,127
2,941
1,452
1,084
1,489
2,059
Eggs
Doz.
16,198
19,024
26,171
36,343
18,440
13,106
18,030
25,038
Milk.
Lb.
552,497 396,867 543,553 750,210 1,104,587 1,407,710 1,928,014 2,661,039
To Convert Fro-
£2
Multiglx 31
Pounds (1b)
Kilograns (kg)
0.454
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Table 125
L
A
N
D
U
S
E
P
R
O
J
E
C
T
I
O
N
S
—
1
9
8
0
,
2
0
0
0
,
2
0
2
0
A
R
E
A
M
E
A
S
U
R
E
D
B
Y
C
O
U
N
T
Y
B
O
U
N
D
A
R
I
E
S
(
4
)
SERIES C
(1000 acres)
   
M
n
I
l
l
0481'
P
M
4.1
m
4.2
1966-67
1900
2
0
m
101'
1966—67
1
9
m
2
0
m
2020
1966-67
1900
2000
2222
'
.
830.9
2
421.2
2
971.4
3
043.1
4,530.1
759.4
1,053.9
1,471.0
1,747.3
567.0
630.5
752
1
:
3
3
.
“
0:550.7
0:217.6
7:702.7
7,301.0
2,215.6
2,013.0
1,726.0
1,535.9
4,735.1
4,603.4
4,599.0
4,511.!
Pasture
715.4
606.5
630.3
599.0
117.7
107.0
91.0
01.7
213.0
211.5
207.7
203.7
Forest
Land
3,022.4
2,004.3
2,650.6
2,470.7
665.7
604.0
510.6
461.5
453.4
440.5
440.5
432.1
Other
Land
960.6
910.5
035.6
769.5
222.0
201.7
173.0
154.0
349.3
345.5
319.3
332.0
PIA
4.3
m
4.4
1966-67
1900
2000
2020
1966-67
1900
2000
2010
.4 716.1
6
609.0
749.4
1
009.6
1,227.0
485.0
537.6
630
2:03am]
741.3
600.0
.566
5
471.3
058.7
041.2
010
4
701.9
Future
131.3
120.5
100.4
03.6
252.6
247.5
230
4
230.0
Forest
Land
530.0
494.3
411.0
342.6
1,364.5
1,336.7
1,207.7
1,242.5
Other
Land
280.2
264.4
220
3
103.3
109.1
106.9
103.0
99.4
To
Convert
ho.
a!
W
W
lecture.
(in)
0.
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 Table 126
LAND USE PROJECTIONS - 1980, 2000, 2020
AREA MEASURED BY COUNTY BOUNDARIES
SERIES E
(1000 acres)
(2)
 
Acre. (can)
haﬁh(h) Wu:
WI lg! IA!!! NA 6.1 PM 6.2
1966-67 1980 2000 2020 1966—67 1980 2000 2020 1966—67 1980 L000 339
m". 2,621.2 2,665.7 3,093.5 3,270.2 759.6 881.3 1,105.1 1,153.8 567.8 601.8 681.5 736.0
Cropland 8,550.7 8,396.8 8,089.2 7,971.9 2,215.6 2.125.5 1,960.1 1,926.1 6,735.1 6,705.3 6.613.7 6,587.8
pun." 715.6 702.8 677.6 666.2 117.7 112.9 106.2 102.3 213.8 212.6 209.2 201.1
hunt Land 3,022.6 2,966.6 2,869.6 2,801.6 665.7 638.7 589.0 578.2 653.6 650.6 663.7 639.1
Other Land 968.6 968.6 968.6 968.6 222.0 222.0 222.0 222.0 369.3 369.3 369.3 369.3
PSA 6.) PM 6.6
1966—67 1980 2000 2020 1966-67 1980 2000 2020
Urban 609.0 677.6 785.3 837.6 685.0 685.0 519.6 563.0
Cloplsnd 761.3 705.3 668.7 621.6 858.7 858.7 866.7 838.6
Pasture 131.3 126.9 , 116.9 110.1 252.6 252.6 269.1 266.7
Fares: Land 538.8 512.6 671.5 651.5 1,366.5 1,366.5 1,365.6 1,332.5
Other Land 288.2 288.2 288.2 288.2 109.1 109.1 109.1 109.1
To Convex! ha I B M11121! a
Acru (acre) lectures (ha) 0.605
Table 127
PROJECTED EXTRACTIVE MINERAL LAND REQUIREMENTS
(in acres)
LAKE nus M5111 Pltl P56 6.2
1968 1980 2000 2023 1968 1980 2000 2020 1968 1980 2000 2020
Clay 6 Shale 66 59 95 152 16 19 31 69 18 27 63 69
Coal - - - - - - - - - - " '
c"...- 11 15 20 26 — - - - 11 15 20 21.
Iron Ore — — - - ~ — - - - - - -‘
Pea: 765 1,015 1.282 1,706 700 950 1,200 1,600 - — — -
Sand 6 Gravel 565 686 1,200 2.107 211 262 638 732 78 97 161 270
Stone. Crushed 216 281 283 368 20 25 61 66 168 221 185 206
Stone. Dimension - — — - - — - - - . - - —
uncl
e-<1
—
—
-
—
-
_
-
_
_
_
_
10181.
1.579
2,056
2.880
6,358
967
1,256
1,710
2,667
275
360
609
571
P86 6.3 ISA 6.6
1968 1980 2000 2020 1968 1980 2000 2020
Clay 6 Shale 7 9 15 26 3 6 6 10
Coal - - - - - - ' '
Gypsum - - - - v - - —
Iro
n O
re
-
—
-
—
-
_
_
_
Peat - - - — 65, 65 82 106
Sand 6 Gravel 167 216 397 729 89 111 206 376
Stone. Crushed ll 15 26 61 15 20 33 55
Stone. Magnum - - - _ .. _ _ -
uncle-d — - — _ - _ _ -
TOTAL 185 260 636 795 172 200 325 565
to 00m“ Flo- To
  
  
  
 
  
   
   
    
    
   
    
    
   
  
  
  
   
   
  
  
   
  
  
 
 T
ﬁ
—
_
SPECIALIZED LAND USES
 
Five
categories
of
Specialized
land
uses——disposa1
operations,
erosion
zones,
intensive
livestock
operations,
high
density-nonsewered
areas,
and
recreational
lands--are
unique
in
their
specific
land
drainage
,
aspects
which
affect
water
quality.
This
section
will
indicate
the
i
relative
magnitude
of
change
that
will
be
likely
to
occur
in
these
land
1
use
operations
over
the
next
fifteen
years.
Because
of
the
multiplicity
of
factors
affecting
their
futures,
estimates
beyond
this
time
period
are
subject
to
great
uncertainties.
Projections
have
been
based
in
part
on
the
opinions
of
experts
in
the
field
as
to
their
expectations
of
future
near
term
trends
concerning
these
various
land
uses.
»
Disposal Operations
The
following
four
disposal
operations--1iquid
wastes,
solid
waste,
dredge
spoil
and
artificial
fill,
and
deep—well
disposal
operations——form
the major
methods
for
allocating man's
nonproduct
outputs
to
the
environ-
ment.
Overall,
the
amount
of wastes
to be
disposed
of will
increase
in
i
the
future
in response
to population
and
economic
changes.
As will
be
‘
seen,
this
relationship will
varyaccording
to
the
type
of disposal
pro-
cedure.
Liquid Waste Disposal.
There are a variety of factors which will affect the future
trend in utilizing land for the disposal of liquid effluents, both from
municipal and industrial concerns.
The major limitation in expanding the
amount of liquid waste disposal operations is the amount of land required
for this practice.
As population growth continues in the Lake Erie basin, resulting
in increasing demands for land, liquid waste disposal practices will
conflict with other economic uses of land. Consequently, liquid waste
disposal operations may tend to become less acceptable practices in the
future. Conversely, if the cost of alternative forms of liquid waste
disposal increase significantly, land treatment systems for liquid wastes
may become an attractive option for many communities and small industrial
concerns, particularly in those areas where population and the economy
grow at a less rapid pace.
One particularly attractive aspect of liquid waste disposal
operations is the ability to remove pollutants at a rate of efficiency
not usually available without incurring exceptional costs with alternative
disposal systems. In this sense, land treatment systems are generally
competitive on a cost effectiveness basis to alternative disposal methods,
assuming that land prices do not increase significantly.
Secondly, there is a possibility that such systems can be used
in various agriculture and silviculture operations, enhancing the economic
productivity of these operations. Assuming that agricultural and silvi-
cultural operations will continue to experience high rates of demand,
liquid waste disposal practices may become economically advantageous for
growers to include in their operations. This would enhance the feasibility
of using land treatment practices in the future.
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 However,
a
limiting
factor
in
the
use
of
liquid
waste
disposal
practices
are
the
variety
of
public
concerns
focusing
on
the
perceived
incompatibility
of
such
practices
with
alternative
land
uses,
especially
residential
activities.
Secondly,
there
are
questions
concerning
the
public
health,
social,
and
economic
impacts
that
land
treatment
systems
may
incur
upon
adjacent
areas.
If
public
attitudes
towards
land
treat—
ment
systems
focus
primarily
on
the
potential
adverse
effects
these
systems
can
generate,
this
would
limit
the
acceptability
of
these
treat—
ment systems.
It
is
likely
that
land
treatment
programs
for
liquid
waste
effluents
will
be
increasingly
utilized
in
the
Lake
Erie
basin.
The
increase
will
be
about
10
percent
above
existing
levels
by
2020.
Increas—
ing
population
growth
and
economic
expansion
will
lead
to
the
development
of
these
liquid
waste
disposal
operations.
This
same
growth
and
expan-
sion
will
limit
land
available
for
disposal
practices.
Table 128
LIQUID
WASTE
DISPOSAL;
(7
PROJECTED
WASTEWATER
FLOWS
REQUIRING
DISPOSAL
)
 
(mgd)
1970
1980
2000
Mhnicipal
Industrial
Municipal
Industrial
Municipal
Industrial
Lake
Erie basin
1,9231/
3,6711/
2,1301/
'2,9801/
2,6701/
2,0801/
PSA 4.1
897
746
992
504
1,194
247
PSA 4 . 2
NA
NA
NA
NA
NA
NA
PSA 4 . 3
NA
NA
NA
NA
NA
NA
PSA 4.4
268
1,067
294
942
359
627
1’
Derived
from
state
totals,.not
broken
down
by PSA.
To Convert
From
2
mitinlz
Bx
Gallons
(gal)
Liters
(1)
3.785
Solid Waste Disposal
The
future
trends
in
solid
waste
disposal
will
be
affected
by
three
factors.
Per
capita
waste
generation
is
unlikely
to
change
signifi—
cantly
except
as
it
is
affected
by
the
amount
of
disposable
goods
and
materials
generated
in
economic
activities.
The
number
of
waste
disposal
sites
is
likely
to
diminish
as
more
counties
convert
to
larger
sanitary
landfill
operations.
Finally,
the
amount
of
wastes
disposed
of
into
the
environment
will
be
effected
to
some
extent
by
the
amount
of
materials
recycled
back
into
the
economy.
The
generation
of
solid
wastes
will
increase
in
line
with
pro-
jected
population
trends.
As
economic
growth
continues,
per
capita
disposable
income
will
increase,
with
a
possible
tendency
toward
increas-
ing
amounts
of
solid
wastes
generated
per
capita.
It
is
unlikely,
however,
that
within
the
next
10
to
20
years
per
capita
waste
generation
will
increase
significantly
beyond
current
levels
in
this
lake
basin.
The
number
of
solid
waste
disposal
sites
is
likely
to
decrease
over
the
next
ten
to
fifteen
years
for
two
reasons.
First,
small
open
dump
sites
are
now
being
closed
in
the
Lake
Erie
basin.
Counties
are
forming
larger
regional
waste
disposal
systems,
relying
on
fewer
sites
 With
larger
capacities
to
handle
the
waste
generated
in
their
area.
With
the
move
towards
larger
sanitary
landfill
sites,
the
number
of
disposal
sites
in
the
Lake
Erie
basin
will
decrease.
However,
as
a
consequence
of
this
policy,
the
potential
severity
of
impact
these
never
sites
may
have
on
water
quality
will
likely
increase
several
fold
if
not
proper1y_constructed
and
sealed.
Thus,
due
to
the
increased
volume
of
wastes
contained
in
these
facilities
it
is
important
to
insure
that
these
larger
regional
waste
disposal
sites
are
given
proper
engineering
and
environmental
attention
in
their
design
and
maintenance
in
order
to
pre-
vent
water
quality
degradation
from
occurring.
The
recycling
of
waste
materials
is
likely
to
decrease
the
volume
of
waste
requiringdisposal
in
the
future.
However,
recycling
so
far
has
mainly
revolved
around
reusing
glass,
paper,
and
metal
materials
and
has
not
involved
recycling
of
garbage
or
general
refuse,
which
are
the
main
producers
of
leachates.
The
recycling
of
reusable
materials,
therefore,
is
unlikely
to
affect
the
amount
of
leachates
produced
in
sanitary landfill sites.
The
closing
of
open
dump
sites
has
often
not
involved
completely
sealing
the
abandoned
sites.
It
is
likely
that
contamination
from
these
closed
dumps
will
continue,
and
may
even
increase
as
refuse
decays.
Although
over
a
long
time
span
the
amount
of
leachates
produced
from
closed
sites
will
decrease
as
the
materials
decompose,
it
is
unlikely
that
such
a reduction
in leachates
will
be achieved
within
the
next
ten
to
fifteen
years.
Attention
to
these
problems
is
needed,
perhaps
by
requiring
open
dumps
to be
properly
scaled
upon
their
abandonment
to
prevent leachate contamination of surface and ground waters.
Table 129
~ SOLID WASTE DISPOSAL
PROJECTED AMOUNTS OF SOLID WASTE REQUIRING DISPOSAL
(1000 tons)
  
1970 1980 1990
Series C Series E Series C Series E
Lake Erie
basin
6,027
9,849
9,083
15,344
13,220
PSA 4.1
2,538
4,180
3,896
6,537
5,718
PSA 4.2
904
1,481
1,404
2,334
2,106
PSA 4.3 1,623 2,649 2,436 4,125 .3,487
PSA 4.4 963 1,539 1,347 2,348 1,909
C
To Convert From To Multiply By
Tons (ton) Kilograms (kg) 907.2
Metric Ton 0.907
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Dr
ed
ge
Sp
oi
l
an
d
Ar
ti
fi
ci
al
Fi
ll
 
The
fut
ure
tre
nds
in
dre
dge
spo
il
and
art
ifi
cia
l f
ill
act
ivi
tie
s
are
dep
end
ent
on
sev
era
l f
act
ors
.
It
is
ass
ume
d t
hat
mai
nte
nan
ce
dre
dgi
ng
of
har
bor
s a
nd
cha
nne
ls
is
lik
ely
to
con
tin
ue
at
pre
sen
t r
ate
s.
If
lar
ger
lock
s ar
e co
nstr
ucte
d,
and
larg
er s
hips
will
be u
tili
zing
the
faci
liti
es,
ther
e wi
ll b
e a
dema
nd f
or d
eepe
r an
d wi
der
harb
ors.
This
woul
d re
quir
e
sign
ific
ant
amou
nts
of d
redg
ing
and
incr
ease
the
amou
nt o
f dr
edge
spoi
l
in certain nearshore areas.
As economic development continues, there will be a further
increase in the percentage of polluted sediments requiring confinement.
This lake basin currently has the largest total amount of dredging, and
the largest amount of polluted spoil requiring confinement. This will
continue into the future.
Policies to limit the amount of artificial fills and pressure
wetland and marsh areas along the Lake Erie shoreline receive support.
Conversely, the desires of many lakeshore residents to protect their
waterfrong properties from higher lake levels will increase pressures to
expand the amount of small artificial fill zones to prevent beach and
shoreline erosion from occurring in residential and recreational areas.
Table 130
PROJECTED AMOUNT OF ANNUAL MAINTENANCE DREDGE SPOIL(8)
(1000 cubic yards)
1970 1980 1990
Polluted Polluted Polluted
Total Spoil Total Spoil Total _Spoil
Lake Erie
basin
4,815
.6
4,565
.2
5,225
.3
5,066
.8
5,225
.3
5,066
.8
PSA 4
.1
934.1
837.7
1,316
.7
1,312
.8
1,316
.7
1,312
.8
PSA 4
.2
1,681
.4
1,643
.4
1,590
.0
1,552
.5
1,590
.0
1,552
.5
PSA 4
.3
1,493
.7
1,377
.7
1,587
.0 .
1,471
.9
1,587
.0
1,471
.9
PSA 4.4 706.4 706.4 731.6 731.6 731.6 731.6
To Convert From 12 Multiply By
Cubic Yards (cu yd) Cubic Meters (cu m) .765
Deep—Well Disposal
Deep-well disposal is not as common in this lake basin as in
some of the others. This is likely to continue in the future. .The States
of Ohio and Pennsylvania do not have favorable attitudes toward this
method of disposal, and an increase in numbers of deep—well disposal opera-
tions in these states much beyond current levels is not likely.
The States of Michigan and New York have more favorable atti-
tudes toward the use of this method of disposal in this lake basin. It is
expected that the use of deep—well disposal techniques will continue, with
the future increase in number dependent upon the continued success of
current wells, and any further rules and regulations established.
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Lakeshore Erosion
B
e
c
a
us
e
l
a
k
e
s
h
o
r
e
e
r
o
s
i
o
n
is
tied
to
o
ve
r
a
l
l
lake
levels,
f
ut
ur
e
amounts
of
lakeshore
erosion
will
be
affected
by
the
level
of
Lake
Erie.
The
current
high
lake
levels,
if
unchanged,
will
continue
present
rates
of
lakeshore
erosion.
However,
it
is
quite
probable
that
the
level
of
the
Great
Lakes
will
decline
within
the
next
ten
years,
thus
reducing
the
amount
of
annual
lakeshore
erosion
in
the
Lake
Erie
basin.
Continued
development
of
structural
shoreline
protective
measures
will
reduce
the
amount
of
erosion
occurring
in
certain
critical
areas.
However,
in
various
sensitive
shoreline
areas,
increased
construction
of
homes
or
industry
may
increase
the
occurrence
of
lakeshore
erosion.
It
is
expected,
therefore,
that
lakeshore
erosion
will
gradually
decrease
at
about
one
percent
a
year.
Riverbank Erosion
There
are
several
trends
affecting
the
amount
of
riverbank
erosion
likely
to
occur
in
the
future.
Riverbank
erosion
rates
are
fairly
high
in
the
Lake
Erie
basin,
particularly
in
Planning
Subarea
4.1,
and
are
likely
to
remain
relatively
high.
Rivers
and
streams
will
continue
their
importance
as
transporters
of
nutrients
and
chemical
materials
if
preventative
measures
are
not
taken
to
reduce
the
amounts
of
sediments
and
other
materials
entering
surface
and
ground
waters.
Because
of
the
costs
associated
with
vegetative
controls
or
structural
measures
to
prevent
erosion
from
occurring,
it
is
unlikely
that
streambank
erosion
rates
will
decrease
significantly,
except
as
land
use
and
land
use
management
programs
may
alter
land
use
practices
with
the
intent
of
preventing
further
erosion
of
streambanks.
If
such
management
measures
are
effectuated,
then
one
can
expect
some
decrease
in
streambank
erosion.
Otherwise,
present
erosion
rates
will
remain
about
the
same
throughout
the
next
fifteen
years.
Table 131
TRENDS IN EROSION(9)(10)
(in miles)
  
1970
1980
1990
Critical
Severe
Critical
Severe
Critical
Severe
Lakeshore
Riverbank
Lakeshore
Riverbank
Lakeshore
Riverbank
Lake Erie
basin
20.3
582
18.3
582
16.5
582
PSA 4. l
0
325
0
324
0
324
PSA 4. 2
0
106
0
106
0
106
PSA 4.3
14.3
80
12.9
80
11.6
80
PSA 4.4
6.0
72
5.4
72
4.9
72
To Convert Pro.
12
Multiplz 31
Miles
(.1)
Kilometers
(km)
1. 609
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Intensive Livestock Qperations
Over the next ten to fifteen years there will be a trend toward
larger and more intensive animal feedlots, and a continued demise of
small livestock operations in the Lake Erie basin. This is in response
to the increased profitability and effectiveness larger livestock opera—
tions provide over smaller ones. Livestock operations, therefore, will
increasingly come to be viewed as commercial operations rather than as
small rural ventures. Consequently, waste production from these feedlots
will tend to be concentrated in particular areas. Waste disposal systems
will need to be maintained for water quality.
In this lake basin, Planning Subarea 4.2 is the most important live—
stock producing areas, particularly in swine and poultry. National trends
show increasingnumbers of intensive livestock operations. The increase
should correspond to the increase in livestock numbers.
Table 132
PROJECTED NUMBER OF LIVESTOCK (2)(3)(5)
HELD IN INTENSIVE LIVESTOCK OPERATIONS
 
v
(1000 8)
mm um am:
970 1900 1990 1970 1900 1990 1910 1900 1990
52111:? szlxus 33:11:33:13: shuns 93111115
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High Density, Nonsewered, Residential Areas
The Lake Erie basin has a generally low percentage of nonsewered
households.
At
present,
6
percent
of
the
housing
in
urban
areas,
and
nine
percent
of
that
in
rural
non—farm
areas
is
not
connected
with
a
public
sewer
system.
With
increasing
population
growth
and
urbanization,
more
homes
will
be
connected
with
public
sewer
systems.
In
the
urban
areas
throughout
the
basin,
the
percentage
of
nonsewered
housing
may
decline
slightly
over
time.
In
the
rural
areas,
the
percentage
of
non-
sewered
housing
will
probably
continue
at
current
rates.
With
improved
on-site
systems
to
dispose
of
household
effluent
in
an
environmentally
sound
manner
the
utilization
of
on-site
disposal
could
increase.
Such
technology,
however,
is
not
foreseen
to
significantly
affect
the
number
of
nonsewered
housing
in
the
near
future.
Likewise,
the
expansion
of
sewage
treatment
plant
facilities
currently
is
limited
by
the
costs
involved
with
providing
secondary
and
tertiary
treatment.
Since
many
plants
are
currently
overtaxed
in
terms
of
their
capacity
to
adequately
treat
the
volume
of
wastes
already
collected,
the
major
investment
in
municipal
treatment
will
continue
to
be
concerned
with
sewage
treatment
facilities
rather
than
on
improving
the
collection
of
municipal
wastes.
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Lake Erie
basin
PSA 4.1
PSA 4.2
PSA ‘.3
PSA 6.‘
 
Table 133
NUMBER
OF
HOUSEHOLDS
IN
HIGH
DENSITY
NONSEWERED
RESIDENTIAL
AREAS
(1000 units)
 
1970
1980
1990
Series C
Series E
Series C
Series E
Total
Total
Total
Total
Nonsevered
Urban
Nonsewered
Urban
Nonsevered
Urban
Honsewered
Urban
Nonsewered
Urban
580,203
220,680
669,471
256,588
616,042
260,736
777,788
296,351
662,400
258,401
203,160
92,877
233,597
108,822
217,499
100,386
275,768
126,009
235,361
108,628
131,719
32,216
153,632
37,550
167,956
36,988
179,275
43.818
163,608
00,902
162,182
76,586
165,016
88,826
149,762
85,566
190,262
102,906
158,050
90,314
103,612
18.801
117.228
21.390
100,867
17,796
132,503
26,118
105,381
. 18,597
Recreational Lands
Recreational
activity days
are
likely
to
grow about
two—thirds
by
1990.
Population
pressures
from
the urbanized
areas
in this
lake
basin
are
the
sources
of
this
increased
usage.
In conjunction
with
an expanded
use of
the
Lake
Erie basin will
come an
intensification of
existing
facilities
usage,
increasing
the
pressure upon
these facilities
to
adequately handle the wastes generated.
Land developed for recreational
use is expected to grow only 4 percent by 2000.
With the expansion of recreational activities, there will be an
increase in the amount of wastes to be disposed of - both liquids and
solids.
Due to the large urban population in this lake basin, urban
type recreational activities, such as golf, are important and will
continue to be important in the future.
The major impacts will occur
during the warmer weather summer months.
The specific impacts and their magnitudes resulting from recreational
pursuits has-not been well documented in the past.
Given the likelihood
that these activities will increase in the future, more work needs to be
done in this field to adequately determine what the magnitudes of impact
will be on the Lake Erie basin.
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Table
134
TRE
NDS
IN
REC
REA
TIO
NAL
LAN
DS
(in
acr
es)
(12)
LAKE ERIE
BASIN
PSA 4.1
_
_ PSA 4
.2
1_919
19.82
mg
w
1%:
@22
L919
1_959
E29
Swimming
750
750
750
260
260
90
90
90
90
Picnlck
ing
4,120
4,120
4,120
1,160
1,160
1,160
870
870
870
Camping
2,920
2,920
2,920
380
380
380
480
480
480
Parking (
General)
1,530
1,530
1,530
350
350
350
220
220
220
Park
ing
(Boa
ts &
"are: Ski
ing)
410
430
430
260
260
260
40
40
40
Playfield
s
12,180
12,180
12,180
3,940
3,940
3,940
3,730
3,730
3,730
Golf
33,640
35,820
35,820
2,200
2,200
2,200
10,440
12,620
12,620
Snow Skii
ng
300
300
300
230
230
230
0
0
0
Sledding
0
0
0
0
0
0
0
0
0
Ice Skati
ng
340
340
340
50
50
50
170
170
170
Boa
tin
g (
Wat
er
Area)
457,000
457,000
457,000
191,000
191,000
191,000
85,000
85,000
85,000
TOTAL
513,190
515, 390
515, 390
199 ,830
199,830
199,830
101 ,040
103 , 220
103 , 220
(Recreati
on Days)
215,982,0
00 296,
091,000
449,416,0
00 85,
398,000
117,492,0
00 180,
873,000
43,943,00
0 62,92
7,000 9
7,031,000
 
PSA 4. 3
PSA 4.4
12B
198;)
202
1919
w
m
Swimmin
g
200
200
200
200
200
200
Picknicki
ng
900
900
900
1 , 190
l , 190
1, 190
Camping
1,240
1,240
1,240
820
820
820
Parking
(Genera
l)
480
480
480
480
480
480
Parking
(Boats
5
Water S
kiing)
70
70
70
40
60
60
Playfie
lds
4,000
4,000
4.000
510
510
510
Golf
18,600
18,600
18,600
2,400
2,400
2,400
Snow Sk
iing
60
60
60
10
10
10
Sleddin
g
o
0
0
0
0
0
Ice Ska
ting
100
100
100
20
20
20
Boating
(Water
Area)
84,000
84,000
84,000
97,000
97 ,000
97,000
TOTAL
109,650
109,650
109,650
102,670
102,690
102,690
(Recreati
on days)
58,821,00
0 78,8
16,000
117,554,0
00 27,
820,000
36,856,00
0 53,9
58,000
  
Table
135
TRENDS IN RECREATIONAL ACTIVITY OCCASIONS ANNUALLY<12>
 
LAKE 1111111 BASIN
PSA 4.1
PSA 4.2
Led—Vic];
1970
1980
2_00_0
1979
1980
2000
1970
1_9Q
2000
Swimming
54,263 79,585 125,529
21,106
31,306
50,287
11,558 17 ,113 27,343
Beach (551)
29,844
43,771
69,041
11,608
17,218
27,658
6,357
9,412
15,039
Picnicking
32,516 41,108 56,461
12,714
16,322 22,702
6,889
8,771
12,252
Camping
_
6,855
10,971
17,149
2,686
4.371
7,321
1,448
2,332
3,926
Nature Walking
7,872
9,975
13,436
3,075
3,961
5,403
1,669
2,128
2,915
Hiking
3,288
5.246
8,238
1,284
2,083
3,312
697
1,120
1,788
Sightseeing
37,522 50,827 76,413
04,627 20,147 30,678
7,969 10,864 16,607
TOTAL ACTIVITY OCCASIONS
142,316 197,713 298,226
55,492
78,190 119,703
30,230 42,328 64,831
TOTAL ACTIVITY OCCASIONS(551)
117,897 161,899 241,738
45,994 64,102 97,074 25,029 34,627 52,527
TOTAL RECREATION DAYS“
56,927
79,085 119.290
22,197
31,276 47,881
12,092
16,931
25,932
TOTAL RECREATION DAYS(551
47,160 64,759 96,696
18,398 25,640 38,830 10,012 13,851 21,011
Playing Outdoor Games
87,670
172,365
294,032
45,552
68,774
118,874
24,031
35,919
62,304
Golﬁng
10,871
16,019
27.562
4.239
6,350
11,068
2,310
3.426
5,992
Bicycling
50,841
61,335
83,646
19,880
24,283
33,770
10,763
13,119
18,179
Bicycling(251)***
12,710
15,334
20,911
4,970
6,071
8,442
2,691
3,280
4,545
Horseback Riding
6,946
8,757
12,768
2,716
3,483
5,142
1,470
1,865
2,766
Horseback Riding(252)
1,737
2,189
3,191
679
871
1,285
368
466
692
TOTAL ACTIVITY OCCASIONS
184,728
258,476
418,008
72,387
102,890
168,854
38,574
54,329
89,241
TOTAL ACTIVITY OCCASIONSQSZ)
141,388
205,907
345,672
55,440
82,066
139,645
29,400
43,001
73,533
TOTAL RECREATION DAYS
73,891
103,390
167,203
28,954
41,156
67,542
15,430
21,732
35,696
TOTAL RECREATION DAYS(251)
56,555
82,362
138,278
22,176
32,826
55,868
11,760
17,236
29,413
Boating
18,161
27,212
43,056
7,105
10,824
17.343
3.842
5,794
9,326
Hater 51:11.13
3,274
5.825
10.579
1,284
2,321
4,270
691
1,238
2,287
Canoeing
1,215
1,892
2,923
470
752
1,176
259
403
634
Sailing
1.077
1,551
2,502
419
614
1,002
229
332
545
TOTAL ACTIVITY OCCASIONS
23,727 36,480 59,060
9,278 14,511
23,791
5,021
7,767
12,792
TOTAL RECREATION DAYS
9,490 14,592 23,724
3,711
5,804
9,516
2,008
3,107
5,117
Skiing
1,913
2,067
2,602
747
820
1,046
406
441
565
Sledding
9,343
11,980
19,215
3,641
4,747
7,712
1,985
2,560
4,177
Ice Skating
7,798
12,384
20,277
3,045
4,916
8,192
1,654
2,643
4,423
TOTAL ACTIVITY OCCASIONS
19,054
26,431
42,095
7,433
10,483
16,950
4,045
5.644
9,165
TOTAL RECREATION DAYS
7,622
10,572
16,838
2,973
4,193
6,780
1,618
2,258
3,666
Driving for Pleasure
83,437 106,298 142,835
32,587
42,172
57,389
17,697 22,698
31,018
9.1km; for Pleasure
63,535
78,981
112,020
24,718
31,246
44,884
13,529
16.919
24.396
Attending Outdoor Games
23,848
31.129
43.779
9,313
12,361
17,604
5,056
6,641
9,500
Attending Outdoor Concerts
3,304
4,753
7.512
1,284
1,878
3,007
705
1,019
1,637
TOTAL ACTIVITY OCCASIONS
174.124 221,161 306,146
67,902 87,657 122,884
36,987
47,277 66,551
TOTAL RECREATION DAYS
69,650 88,464 122,459
27,161 35,063 49,154 14,795 18,911 26,620
PLAN
NING
AREA
TOTA
LS**
**
TOTAL ACTIVITY OCCASIONS 544,950 740,228 1,123,535 213,495 293,730 452,182 114,858 157,318 242.578
HATER—ORIENTED ACTIVITY OCCASIONS 139,628 198,350 300,798 53,428 78,610 120,865 30,048 42,368 65,318
TOTAL RECREATION DAYS 217,982 296,091 449,414 85,398 117,492 180,873 45,943 62,927 97,031
HATER—ORIENTED RECREATION DAYS ' 55,851 79,340 120,319 21,371 31,444 48,346 12,019 16,947 26,127
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“It is assumed that 451 of all swimming is associated with pools and 551 is associated with beaches. For planning purposes, activity
occasions and recreation days for land—based water—oriented activities are presented in two manners, one including all swiming and
the other including only beach-associated swimming.
M1: is assumed that a recreation day consists of 2.5 activity occasions.
“*For planning purposes, it is assumed that only 252 of all bicycling and horseback riding needs will be met on designated public
recreation areas. The other 751 is assumed to oceur on private lands or public sidewalks and streets.
****Total activity occasions and total recreation days include the sum of all activities. Total water—oriented recreation days are the
sum of land-based water-oriented recreation days (551) and water surface recreation days.
   
  
m-
um
wa
a_
—
T
a
b
l
e
1
3
5
C
o
n
t
'
d
.
4
.A____1=t1vi=
mm 19
80 2.090
1.97.9 12
1.0 2911
9
Swimins
14,670 21,238 32,8
35 6,929 9,9
28 15,064
Beach (552)
8,068 11
681 18,05
9 3,8
11 5,460
8,285
Picnickins
8,766 10,
910 14,73
9 4,1
47 5,105
6,768
Camping
1,847 2,906 4,72
9 874 1,36
2 2,173
Nature walking
2,123 2,647 3,50
7 1,005 1,239
1,611
Hiking
887 1,392 2,149
420 651 989
Sightseeing
10,131 13
,501 19,9
64 4,
795 6,31
5 9,164
TOTAL Acnvrn
' OCCASIONS
38,424 52
,594 77,9
23 18,
170 24,60
1 35,769
ram. ACTIVIT
Y OCCASIONSU
SZ)
31.822 43
,037 63,1
47 15,
052 20,13
3 28,990
TOTAL REC
REATION D
AYS**
15,370
21,038
31,169
7,268
9,840
14,303
TOTAL REC
REATION u
nsusz
12,729
17,215
25,259
6,021
8,053
11,596
Playi
ng Out
door
Games
31,557
46,100
77,366
14,930
21,572
35,488
Golﬁng
2,936
4,258
7,204
1,386
1,985
3,298
Bicycli
ng
13,709
16,332
21,645
6,489
7,601
10,052
Bicyc
ling(
251)*
**
3,427
4,083
5,411
1,622
1,900
2,513
Horse
back
Ridin
g
1,872
2,321
3,330
888
1,088
1,530
Horse
back
Ridin
g(252
)
468
580
832
222
272
382
TOTAL
ACTIV
ITY
OCCAS
IONS
50,07
4
69,01
1
109,5
45
23,69
3
32,24
6
50,36
8
TOTAL
ACTIV
ITY
OCCA
SION
SQSZ
)
38,38
8
55,02
1
90,81
3
18,16
0
25,72
9
41,68
1
TOTAL REC
REATION D
AYS
20,030
27,604
43,818
9,477
12,898
20,147
TOTAL REC
REATION n
Aysasz)
15,355
22,008
36,325
7,264
10,292
16,672
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1
3
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1
3
1
1
1
0
X
M
V
M
1
1
5
1
1
-
1
1
0
(
1
5
1
S
V
ﬂ
-
G
N
V
'
I
Boating 4,896 7,215 11,229 2,318 3,379 5,158
Water skiing
881 1,543 2,756
418 723 1,266
Canoeins
330 50
2 763
156 23
5 350
Sailing
290 413 654 139 1.92 301
TOTAL ACTIVITY OCCAslons
6,397 9,673 15,40
2 3,031 4,52
9 7,075
TOTAL RECREAT
ION DAYS
2.559 3,
869 6,16
1 1,2
12 1,812
2,830
Skiing
516 549 680
244 257 31]
Sledding
2,524 3,
182 5,02
1 1,1
93 1,491
2,305
Ice Skating
2,104 3,
287 5,31
9 9
95 1,538
2,343
TOTAL ACTIVIT
Y OCCASIONS
5,144 7,
018 11,02
1 2,4
32 3,286
4,959
TOTAL REC
REATION D
AYS
2,058
2,807
4,408
973
1,314
1,984
Driving
for Pleas
ure
22,509
28,221
37,302
10,644
13,207
17,126
Walking
for Pleas
ure
17,174
21,000
29,298
8,114
9,816
13,442
Attendin
g Outdoor
Games
6,435
8,261
11,428
3,044
3,866
5,247
Attending
Outdoor C
oncerts
893
1,265
1,966
422
591
902
TOTAL ACT
IVITY OCC
ASIONS
47,011
58,747
79,994
22,224
27,480
36,717
TOTAL REC
REATION
DAYS
18,804
23,498
31,998
8,890
10,992
14,687
PL
AN
NI
NG
AR
EA
TO
TA
LS
**
**
TOTA
L A
CTIV
ITY
OCCA
SION
S
147,
052
197,
040
293,
885
69,5
50
92,1
40
134,
890
WAT
ER—
ORI
ENT
ED
ACT
IVI
TY
OCC
ASI
ONS
38,
070
52,
710
78,
550
18,
082
24,
662
36,
065
TOT
AL
REC
REA
TIO
N D
AYS
58,
821
78,
816
117
,55
4
27,
820
36,
856
53,
956
WAT
ER—
ORI
ENT
ED
REC
REA
TIO
N D
AYS
15,
228
21,
084
31,
420
7,2
33
9,8
65
14,
426
E
O
V
ﬂ
H
ﬂ
S
3
3
1
V
“
S
I
H
O
d
S
X
Z
L
N
I
H
 
S
S
I
I
I
A
I
L
D
V
3
3
5
1
0
*It
is
ass
ume
d
tha
t 4
52
of
all
swi
mmi
ng
is
ass
oci
ate
d w
ith
poo
ls
and
551
is
ass
oci
ate
d w
ith
bea
che
s.
For
pla
nni
ng
pur
pos
es,
act
ivi
ty
occ
asi
ons
and
rec
rea
tio
n d
ays
for
lan
d-b
ase
d w
ate
r-o
rie
nte
d
act
ivi
tie
s a
re
pre
sen
ted
in
two
man
ner
s,
one
inc
lud
ing
all
swi
mmi
ng
and
the
othe
r in
clud
ing
only
beac
h-as
soci
ated
swim
ming
.
**I
t i
s a
ssu
med
tha
t a
rec
rea
tio
n d
ay
con
sis
ts
of
2.5
act
ivi
ty
occ
asi
ons
.
***
For
pla
nni
ng
pur
pos
es,
it
is
ass
ume
d t
hat
onl
y
252
of
all
bic
ycl
ing
and
hor
seb
ack
rid
ing
nee
ds
wil
l b
e m
et
on
des
ign
ate
d p
ubl
ic
rec
rea
tio
n a
rea
s.
The
oth
er
752
is
ass
ume
d t
o o
ccu
r o
n p
riv
ate
lan
ds
or
pub
lic
sid
ewa
lks
and
str
eet
s.
***
*To
ta1
act
ivi
ty
occ
asi
ons
and
tot
al
rec
rea
tio
n d
ays
inc
lud
e t
he
sum
of
all
act
ivi
tie
s.
Tot
al
wat
er—
ori
ent
ed
rec
rea
tio
n d
ays
are
the
sum
of
lan
d-b
ase
d w
ate
r-o
rie
nte
d r
ecr
eat
ion
day
s (
55%)
and
wat
er
sur
fac
e r
ecr
eat
ion
days
.
 
 MATERIALS USAGE
In
pr
oj
ec
ti
ng
ag
ri
cu
lt
ur
al
ch
ar
ac
te
ri
st
ic
s
an
d
ma
te
ri
al
s
us
ag
e,
it
sh
ou
ld
be
po
in
te
d
ou
t
th
at
ag
ri
cu
lt
ur
al
de
ve
lo
pm
en
ts
ar
e
di
re
ct
ly
af
fe
ct
ed
by
po
pu
la
ti
on
tr
en
ds
,
na
ti
on
al
an
d
in
te
rn
at
io
na
l
ec
on
om
ic
co
nd
it
io
ns
,
en
vi
ro
nm
en
ta
l
at
ti
tu
de
s,
an
d
na
ti
on
al
ag
ri
cu
lt
ur
al
de
ci
si
on
s
in
re
ga
rd
s
to
fo
od
pr
od
uc
ti
on
.
Ch
an
ge
s
in
an
y
on
e
of
th
es
e
va
ri
ab
le
s
wi
ll
si
gn
if
i-
ca
nt
ly
al
te
r
an
y
ag
ri
cu
lt
ur
al
pr
oj
ec
ti
on
.
In
ad
di
ti
on
,
te
ch
no
lo
gi
ca
l
ch
an
ge
s
in
th
e
ty
pe
s
of
ma
te
ri
al
s
us
ed
in
ag
ri
cu
lt
ur
al
pr
ac
ti
ce
s
ca
n
si
gn
if
ic
an
tl
y
al
te
r
th
e
in
fl
ue
nc
e
th
es
e
ma
te
ri
al
s
ma
y
ha
ve
on
wa
te
r
qu
al
it
y.
Th
er
ef
or
e,
it
is
su
bs
ta
nt
ia
ll
y
di
ff
ic
ul
t
to
ac
cu
ra
te
ly
pr
oj
ec
t
th
e
in
fl
u-
en
ce
of
ag
ri
cu
lt
ur
al
pr
ac
ti
ce
s
up
on
wa
te
r
qu
al
it
y
in
th
e
fu
tu
re
.
Fo
r
th
e
sa
ke
of
cl
ar
it
y
th
is
se
ct
io
n
as
su
me
s
th
at
ma
jo
r
in
fl
ue
nc
es
af
fe
ct
in
g
ag
ri
-
cu
lt
ur
al
tr
en
ds
wi
ll
re
ma
in
re
la
ti
ve
ly
st
ab
le
an
d
th
er
e
wi
ll
be
no
ma
jo
r
Sh
if
ts
in
ag
ri
cu
lt
ur
al
pr
od
uc
ti
on
pr
ac
ti
ce
s
wi
th
in
th
e
ne
xt
10
to
15
ye
ar
s,
ei
th
er
in
te
rm
s
of
te
ch
no
lo
gy
or
in
te
rm
s
of
cr
op
ty
pe
s.
Ag
ri
cu
lt
ur
al
ch
em
ic
al
s,
an
im
al
wa
st
es
,
co
mm
er
ci
al
fe
rt
il
iz
er
s,
li
me
,
an
d
sa
lt
s
wi
ll
co
nt
in
ue
to
be
em
pl
oy
ed
at
ab
ou
t
cu
rr
en
t
us
ag
e
ra
te
s.
Al
th
ou
gh
sp
ec
if
ic
ma
te
ri
al
s
wi
ll
li
ke
ly
ex
pe
ri
en
ce
gr
ea
te
r
ut
il
iz
at
io
n
th
an
ot
he
rs
ov
er
th
e
ne
xt
10
to
15
ye
ar
s.
Agricultural Chemicals
 
S
e
ve
r
a
l
tr
en
ds
i
n
d
i
c
a
t
e
an
i
n
c
r
e
a
s
e
d
us
a
g
e
of
a
g
r
i
c
u
l
t
u
r
a
l
c
h
e
m
i
c
a
l
s
ov
er
th
e
ne
xt
10
ye
ar
s.
Wi
th
co
nt
in
ue
d
ri
si
ng
la
bo
r
co
st
s,
th
e
us
e
of
ag
ri
cu
lt
ur
al
ch
em
ic
al
s
to
co
nt
ro
l
we
ed
s
an
d
pe
st
s,
as
we
ll
as
va
ri
ou
s
fo
rm
s
of
fu
ng
us
an
d
ba
ct
er
ia
wi
ll
co
nt
in
ue
to
be
ec
on
om
ic
al
ly
at
tr
ac
ti
ve
in
ma
ny
ag
ri
cu
lt
ur
al
op
er
at
io
ns
.
Th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
wi
ll
th
er
ef
or
e
co
nt
in
ue
to
be
us
ed
at
cu
rr
en
t
or
hi
gh
er
ra
te
s
in
th
e
La
ke
Er
ie
basin in the near future.
H
o
we
ve
r
,
th
er
e
ar
e
c
e
r
t
a
i
n
a
s
p
e
c
t
s
w
h
i
c
h
m
a
y
te
nd
to
d
e
c
r
e
a
s
e
th
e
ra
te
of
gr
ow
th
in
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s.
On
e
sp
ec
if
ic
as
pe
ct
is
th
e
im
pa
ct
s
th
es
e
c
h
e
m
i
c
a
l
s
m
a
y
h
a
v
e
in
te
rm
s
of
w
a
t
e
r
q
ua
l
i
t
y
d
e
g
r
a
d
a
-
ti
on
.
It
is
i
n
c
r
e
a
s
i
n
g
l
y
b
e
c
o
m
i
n
g
a
p
p
a
r
e
n
t
th
at
th
e
u
s
e
of
c
h
e
m
i
c
a
l
s
on
cr
op
s
le
av
es
re
si
du
es
wh
ic
h
ca
n
in
fi
lt
ra
te
in
to
gr
ou
nd
an
d
su
rf
ac
e
wa
te
r
ar
ea
s,
an
d,
in
c
e
r
t
a
i
n
c
h
e
m
i
c
a
l
c
o
m
p
o
un
d
s
,
ca
n
en
te
r
in
to
th
e
fo
od
c
h
a
i
n
a
n
d
t
h
r
e
a
t
e
n
p
o
t
e
n
t
i
a
l
l
y
d
i
s
r
u
p
t
i
v
e
i
n
f
l
u
e
n
c
e
s
to
h
i
g
h
e
r
f
o
r
m
s
of
l
i
f
e
.
C
o
n
c
e
r
n
i
n
g
s
p
e
c
i
f
i
c
c
h
e
m
i
c
a
l
s
,
it
is
p
r
o
j
e
c
t
e
d
t
h
a
t
h
e
r
b
i
c
i
d
e
u
s
a
g
e
m
a
y
i
n
c
r
e
a
s
e
a
b
o
ut
20
p
e
r
c
e
n
t
o
ve
r
th
e
n
e
xt
15
ye
ar
s.
S
i
n
c
e
h
e
r
b
i
c
i
d
e
s
r
e
p
l
a
c
e
a
s
i
g
n
i
f
i
c
a
n
t
a
m
o
un
t
of
m
a
n
-
h
o
u
r
s
d
e
vo
t
e
d
to
we
e
d
co
nt
ro
l,
th
er
e
is
a
s
t
r
o
n
g
i
n
c
e
n
t
i
v
e
to
c
o
n
t
i
n
u
e
th
e
u
s
e
of
h
e
r
b
i
c
i
d
e
s
at
c
ur
r
e
n
t
or
h
i
g
h
e
r
l
e
v
e
l
s
i
n
t
o
t
h
e
f
u
t
u
r
e
.
F
u
n
g
i
c
i
d
e
u
s
e
m
a
y
i
n
c
r
e
a
s
e
a
b
o
u
t
5
p
e
r
c
e
n
t
in
o
r
d
e
r
to
c
o
n
t
r
o
l
fu
ng
us
g
r
o
wt
h
o
n
pl
an
ts
.
I
n
s
e
c
t
i
c
i
d
e
s
,
h
o
we
ve
r
,
m
a
y
b
e
u
s
e
d
w
i
t
h
l
e
s
s
f
r
e
q
u
e
n
c
y
d
u
r
i
n
g
t
h
e
n
e
x
t
d
e
c
a
d
e
.
I
t
s
u
s
a
g
e
is
e
x
p
e
c
t
e
d
to
i
n
c
r
e
a
s
e
ov
er
th
e
n
e
xt
5
ye
a
r
s
b
ut
t
h
e
n
p
r
o
g
r
e
s
s
i
v
e
l
y
d
e
c
r
e
a
s
e
a
f
t
e
r
that.
A
n
e
w
g
r
o
u
p
of
c
h
e
m
i
c
a
l
s
,
b
a
c
t
e
r
i
c
i
d
e
s
,
a
r
e
c
o
m
i
n
g
i
n
t
o
g
r
e
a
t
e
r
u
s
e
in
r
e
c
e
n
t
ye
ar
s,
an
d
m
a
y
f
o
r
m
a
s
i
g
n
i
f
i
c
a
n
t
c
a
t
e
g
o
r
y
of
c
h
e
m
i
c
a
l
s
us
ed
o
n
c
r
o
p
s
in
th
e
fu
tu
re
.
H
o
we
ve
r
,
at
th
e
p
r
e
s
e
n
t
t
i
m
e
th
er
e
is
l
i
t
t
l
e
i
n
f
o
r
m
a
t
i
o
n
c
o
n
c
e
r
n
i
n
g
p
r
o
b
a
b
l
e
r
a
t
e
s
of
g
r
o
wt
h
in
th
e
us
e
of
b
a
c
t
e
r
i
-
cides.
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Al
th
ou
gh
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
is
li
ke
ly
to
in
cr
ea
se
ov
er
th
e
ne
xt
10
ye
ar
S,
th
ew
at
er
qu
al
it
y
im
pa
ct
of
th
es
e
ch
em
ic
al
s
is
no
t
so
cl
ea
r.
On
e
of
th
e
ma
jo
r
co
nc
er
ns
in
us
in
g
ch
em
ic
al
s
is
th
e
am
ou
nt
of
re
si
du
e
re
ma
in
in
g
wh
ic
h
ca
n
en
te
r
gr
ou
nd
wa
te
r
an
d
su
rf
ac
e
wa
te
r
ar
ea
s.
In
th
e
ca
se
of
he
rb
ic
id
es
,
th
is
is
kn
ow
n
as
ca
rr
y—
ov
er
,
an
d
in
th
e
ca
se
of
in
se
ct
ic
id
es
as
pe
rs
is
te
nc
e.
It
is
be
li
ev
ed
th
at
th
e
pe
rs
is
te
nc
e
as
so
ci
at
ed
wi
th
in
se
ct
ic
id
es
wi
ll
be
al
mo
st
en
ti
re
ly
el
im
in
at
ed
in
th
e
ne
xt
10
to
15
ye
ar
s,
an
d t
he
ca
rr
y—
ov
er
in
he
rb
ic
id
es
wi
ll
be
gr
ea
te
r
re
du
ce
d,
if
no
t
en
ti
re
ly
el
im
in
at
ed
as
ne
w
fo
rm
s
of
ch
em
ic
al
s
wi
th
li
tt
le
or
no
re
si
du
e
ge
ne
ra
ti
on
re
pl
ac
e
th
e
cu
rr
en
t
st
oc
k
of
ch
em
ic
al
ty
pe
s
no
w
used.
Th
is
is
no
t
to
sa
y
th
at
wa
te
r
qu
al
it
y
im
pa
ct
s
wi
ll
be
el
im
in
at
ed
fr
om
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s,
bu
t
th
at
wi
th
in
cr
ea
si
ng
us
e
of
ch
em
ic
al
s,
it
is
li
ke
ly
th
at
a
sh
if
t
wi
ll
ta
ke
pl
ac
e
to
wa
rd
s
le
ss
no
xi
ou
s
fo
rm
s
of
ch
em
ic
al
s
oc
cu
rr
in
g
ma
in
ly
as
a
re
su
lt
of
le
ss
re
si
du
e
by
—p
ro
du
ct
s
pr
od
uc
ti
on
in
th
ei
r
us
ag
e.
In
ad
di
ti
on
,
he
rb
ic
id
e
us
ag
e
ca
n
re
du
ce
er
os
io
n
an
d
at
te
nd
an
t
po
ll
ut
io
n
pr
ob
le
ms
by
re
du
ci
ng
th
e
ne
ed
fo
r
co
nt
in
ua
l
me
ch
an
i-
ca
l
cu
lt
iv
at
io
n
of
cr
op
s
an
d
it
s
di
st
ur
ba
nc
e
of
so
il
s.
Th
is
co
ul
d
be
pa
rt
ic
ul
ar
ly
im
po
rt
an
t
in
th
is
la
ke
ba
si
n
wi
th
la
rg
e
am
ou
nt
s
of
cr
op
la
nd
s.
Animal Wastes
Ma
nu
re
pr
od
uc
ti
on
le
ve
ls
wi
ll
co
nt
in
ue
ab
ov
e
th
e
Gr
ea
t
La
ke
s
Ba
si
n
av
er
ag
e.
Th
e
am
ou
nt
of
ma
nu
re
pr
od
uc
ed
wi
ll
co
rr
es
po
nd
wi
th
th
e
le
ve
l
of
li
ve
st
oc
k
pr
od
uc
ti
on
pr
oj
ec
te
d
fo
r
th
e
fu
tu
re
,
an
d
so
wi
ll
de
cl
in
e
sl
ig
ht
ly
ov
er
al
l.
Tr
en
ds
to
wa
rd
mo
re
in
te
ns
iv
e
li
ve
st
oc
k
op
er
at
io
ns
wi
ll
in
cr
ea
se
the
imp
act
of
man
ure
s
in
spe
cif
ic
loc
ali
tie
s.
As
su
mi
ng
pr
op
er
co
ns
tr
uc
ti
on
an
d
ma
in
te
na
nc
e
te
ch
ni
qu
es
,
th
e
di
s-
cha
rge
of
ani
mal
was
tes
sho
uld
not
adv
ers
ely
aff
ect
wat
er
qua
lit
y.
Wi
th
ou
t
pr
ev
en
ti
ve
me
as
ur
es
,
it
is
qu
it
e
po
ss
ib
le
th
at
ce
rt
ai
n
re
ac
he
s
of
gro
und
and
sur
fac
e w
ate
rs
can
be
con
tam
ina
ted
via
ani
mal
was
tes
.
Spe
cif
ica
lly
,
lar
ge
amO
unt
s
of
nit
rog
en
and
pho
sph
oru
s
com
pou
nds
can
be
lea
che
d
int
o
the
soi
ls
fro
m
int
ens
ive
liv
est
ock
ope
rat
ion
s
due
to
the
increase in concentration of wastes.
Commercial Fertilizers
 
Com
mer
cia
l
fer
til
ize
r
usa
ge
rat
es
are
pro
jec
ted
to
inc
rea
se
mod
era
tel
y
in
thi
s
lak
e b
asi
n.
The
gre
ate
st
inc
rea
se
wil
l
be
in
nit
rog
en,
wit
h
les
ser
inc
rea
ses
in
pot
ash
, a
nd
pho
sph
oru
s r
ate
s s
tay
ing
abo
ut
the
sam
e o
r
dec
rea
sin
g
sli
ght
ly.
The
re
is
lik
ely
to
be
a s
hif
t t
owa
rds
liq
uid
fer
ti-
liz
ers
due
to
the
ir
eas
e o
f a
ppl
ica
tiO
n.
Tre
nds
in
agr
icu
ltu
ral
cro
p
pro
duc
t i
ndi
cat
e a
mov
e t
owa
rds
mor
e i
nte
nsi
ve
cul
tiv
ati
on,
and
it
is
lik
ely
tha
t c
omm
erc
ial
fer
til
ize
r u
sag
e w
ill
inc
rea
se
in
suc
h a
rea
s.
Hig
her
con
cen
tra
tio
ns
of
fer
til
ize
rs
in
par
tic
ula
r a
rea
s m
ay
inc
rea
se
drainage of nutrients to ground and surface water.
Lime
Des
pit
e p
roj
ect
ion
s b
y t
he
Lim
e I
nst
itu
te
for
inc
rea
se
nee
ds
for
lim
ing
mat
eri
als
, l
ime
rat
es
wil
l p
rob
abl
y r
ema
in
at
cur
ren
t l
eve
ls.
The
ref
ore
,
wat
er
qua
lit
y i
mpa
cts
res
ult
ing
fro
m l
imi
ng
wil
l t
end
to
rem
ain
unc
han
ged
, e
xce
pt
in
ins
tan
ces
whe
re
agr
icu
ltu
ral
cro
p p
rod
uct
ion
has
292
 in
te
ns
if
ie
d.
In
th
es
e
ar
ea
s,
in
cr
ea
se
d
in
te
ns
it
y
of
li
me
us
e
af
fe
ct
gr
ou
nd
an
d
su
rf
ac
e
wa
te
rs
be
yo
nd
cu
rr
en
t
co
nd
it
io
ns
.
Salts
Se
ve
ra
l
tr
en
ds
in
th
e
La
ke
Er
ie
ba
si
n
wi
ll
be
li
ke
ly
to
re
qu
ir
e
a
mo
de
ra
te
in
cr
ea
se
in
th
e
us
e
of
sa
lt
s
to
pr
ev
en
t
ro
ad
ic
in
g
in
wi
nt
er
mo
nt
hs
.
Ba
re
pa
ve
me
nt
po
li
ci
es
wi
ll
be
de
ma
nd
ed
by
th
e
pu
bl
ic
fo
r
ma
jo
r
ro
ad
wa
ys
.
Gr
ow
th
in
ro
ad
mi
le
ag
es
wi
ll
in
cr
ea
se
th
e
am
ou
nt
s
of
sa
lt
s
ne
ed
ed
to
pr
ev
en
t
ic
in
g
du
ri
ng
wi
nt
er
mo
nt
hs
.
Ho
we
ve
r,
th
er
e
ar
e
al
so
tr
en
ds
fo
r
li
mi
ti
ng
sa
lt
ap
pl
ic
at
io
ns
.
Du
e
to
in
cr
ea
se
d
sa
lt
pr
ic
es
,
th
er
e
wi
ll
be
an
in
ce
nt
iv
e
to
pr
ov
id
e
se
co
nd
ar
y
an
d
mi
no
r
ro
ad
sy
st
em
s
wi
th
le
ss
er
am
ou
nt
s
of
sa
lt
s.
Th
e
ra
te
of
sa
lt
ap
pl
ic
at
io
n
ma
y
ac
tu
al
ly
de
cr
ea
se
in
th
es
e
se
co
nd
ar
y
ro
ad
sy
st
em
s.
Ro
ad
de
-i
ci
ng
sa
lt
s
af
fe
ct
gr
ou
nd
an
d
su
rf
ac
e
wa
te
rs
th
ro
ug
h
ch
lo
ri
de
di
sc
ha
rg
es
wh
ic
h
ca
n,
ov
er
ti
me
,
af
fe
ct
th
e
sa
li
ni
ty
of
ne
ar
by
we
ll
s
an
d
op
en
wa
te
r
ar
ea
s.
Th
er
e
ar
e
mo
ve
s
to
wa
rd
mo
re
ef
fi
ci
en
t
sa
lt
ap
pl
ic
at
io
ns
an
d
pr
oh
ib
it
io
n
of
sa
lt
in
g
in
ar
ea
s
wh
er
e
gr
ou
nd
wa
te
r
an
d
aq
ui
fe
rs
pr
ov
id
e
dr
in
ki
ng
wa
te
r
to
ne
ar
by
re
si
de
nc
es
,
du
e
to
th
e
po
te
nt
ia
l
co
nt
am
in
at
io
n
of this supply.
In
ge
ne
ra
l,
wh
il
e
sa
lt
in
g
wi
ll
be
co
nt
in
ue
d
on
ma
jo
r
ro
ad
sy
st
em
s
at
cu
rr
en
t
ap
pl
ic
at
io
n
ra
te
s,
th
er
e
wi
ll
li
ke
ly
be
a
de
cr
ea
se
in
th
e
am
ou
nt
s
of
sa
lt
us
ed
on
se
co
nd
ar
y
an
d
mi
no
r
ro
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Table 136
(3)
TR
EN
DS
IN
MA
TE
RI
AL
S
US
AG
E:
AG
RI
CU
LT
UR
E
l
(1000 s)
“
n
u
n
s
m
l
Mi
ll
Hi
ll
M5
1!
73
4
L
1
75
11
Ll
19
72
19
30
19
19
72
19
90
19
90
19
1;
12
83
L9
93
Agricultursl Chemical;
He
rb
ic
id
es
(l
bs
)
9,
38
1.
5
10
,3
19
.6
11
,2
57
.8
1,
76
2.
6
1,
93
8.
9
2,
11
5.
1
6,
60
2.
3
7,
26
2
5
7,
92
2.
8
In
se
ct
ic
id
es
(l
bs
)
3,
26
5.
8
3,
26
5.
8
3,
10
2.
6
65
1.
6
65
1.
6
51
8.
8
1,
01
6.
9
1,
01
6
9
96
6.
1
Fu
ng
ic
id
es
(1
h)
1,
59
1.
5
1.
61
7-
ﬁ
1.
75
5.
]
19
5.
9
15
3.
2
16
0.
5
33
2.
1
35
1.
9
36
9.
6
An
im
al
Ha
st
e!
(t
on
s)
16
,1
86
.8
13
,7
86
.!
13
,6
55
.!
3,
59
5.
5
3.
91
.9
3,
43
0.
7
6,
31
3
3
6,
01
]
9
5,
81
7.
8
Co
—e
rc
is
l
Fe
rt
il
is
er
s
96
2.
8
1,
05
9.
1
1,
15
5.
3
19
7.
6
21
7.
6
23
7.
1
65
1
2
71
6
3
78
1.
‘
(tons)
Li
ne
(t
on
s)
51
0.
5
51
0.
6
51
9.
6
“.
9
68
.9
“.
9
30
6.
8
30
6.
8
30
6.
8
MT
EI
IA
LS
m
"
A
9.
3
m
6.
6
19
72
19
80
19
90
1
72
19
80
19
90
Agricultural Chemicals
He
rb
ic
id
es
(l
bs
)
37
7.
2
61
6.
9
‘5
2
6
63
9.
6
70
3.
3
76
7.
3
In
se
ct
ic
id
es
(l
bs
)
18
7.
7
18
7.
7
17
8.
3
1,
60
9.
8
1,
60
9.
8
1,
52
9.
2
Fu
ng
ic
id
es
(l
bs
)
13
7.
8
19
5.
7
15
1
6
97
8.
7
1,
02
7.
6
1,
07
6.
6
An
i—
l
Wa
st
es
(t
on
s)
16
8.
8
1,
56
1.
7
1,
60
7.
8
2,
59
0.
0
2,
68
8.
8
2,
79
8.
9
Co
s-
er
e“
!
Fe
rt
il
iz
er
s
62
.7
67
.0
51
.2
71
.3
78
.‘
85
.6
(tons)
Ll
ue
(t
on
s)
75
.9
75
.9
75
.9
78
8
78
.8
78
.8
to
Co
nv
er
t
Ir
on
3)
.
li
lt
ig
ll
y
W
(l
i
[
n
o
u
s
-
s
(k
g)
0.
65
6
to
.
(t
on
)
Ki
lo
gr
ss
n
(I
nn
)
90
7.
2
Is
tr
ic
To
.
0.
90
7
293
 
 Table 137
TRENDS IN ROAD DE-ICING SALT USAGE (3)
(1000 tons)
1972—73 1980 1990
E Series C Series E Series C Series E
E Lake Erie
1 basin 543.4 630.3 583.2 726.7 626.1
1 PSA 4.1 175.6 205.7 192.7 238.2 208.5
i PSA 4.2 115.2 134.3 128.2 156.7 141.8
1
{ PSA 4.3 136.0 157.8 145.7 182.0 153.8
1 PSA 4.4 116.6 132.5 116.6 149.8 122.0
To Convert From $9_ Multiglx BX
Tons (ton) Kilograms (kg) 907.2
Metric ton 0.907
294
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